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ABSTRACT
A s e r ie s  o f  complexes o f  th e  ty p e  Rh(cyclam)Xg'*' and Rh(cyclam)XY^'^ 
have been p rep ared  and c h a ra c te r iz e d ,  where cyclam re p re s e n ts  1 , 4 , 8 , 1 1 -  
te t r a a z a c y c lo te tr a d e c a n e ,  and X and Y re p re s e n t  OH", C l" , B r“ , I~ ,
N^", NOS", and NOgT. The in f r a r e d  and e le c tro n ic  sp e c tra  a re  d iscu ssed  
to  a s s ig n  th e  c i s  and t r a n s  iso m e rs , th e  lin k a g e  iso m ers , and th e  
R h -ligand  s t r e tc h in g  freq u e n c ie s  above 250 cm The thermodynamic 
t r a n s  e f f e c t  i s  r e l a t e d  to  s h i f t s  in  th e  R h -lig an d  s t r e tc h in g  freq u en ­
c ie s  and th e  a c id  s tre n g th s  o f  th e  aquo com plexes. The i n t e n s i t i e s  o f  
th e  d-d  t r a n s i t i o n s  a re  r e l a t e d  to  d i s to r t io n  o f  th e  o c ta h e d ra l f i e l d  
to  support th e  c i s  and t r a n s  a ss ig n m en ts , and compared to  show th e  
d ec rea se  in  bond c o n s t r a in t  f o r  p ropy lene  lin k a g e s  i n  p la ce  o f  e th y le n e . 
S te r i c  c o n s t r a in t  accoun ts  fo r  th e  s in g le  case  o f  s te re o is o m e r iz a tio n  
by cis-R h(cyclam )lg '* '. C a ta ly t ic  approaches to  R h ( I I l )  sy n th eses  and 
th e  advan tages o f  th e  hydroxo in te rm e d ia te  pathway as a convenien t 
p re p a ra to ry  te ch n iq u e  a re  d is c u s se d . Some a ttem p ted  p re p a ra t io n s  a re  
g iven  v d th  e x p la n a tio n s  fo r  t h e i r  f a i l u r e s .
The exp erim en ta l te ch n iq u e  fo r  sp ec tro rae tr ic  k in e t ic  s tu d ie s ,  
and a pooled v a ria n c e  method fo r  de term in in g  th e  s tan d a rd  e r ro r  on 
th e  tem p e ra tu re  dependent d a ta ,  a re  g iv e n . The k in e t ic  r e s u l t s  fo r  
th e  a c id  h y d ro ly s is  o f  th e  t r a n s - d ih a lo  complexes a re  p re se n te d  and 
r e la t e d  to  th e  t r a n s  e f f e c t ,  bo th  in  te rm s o f  th e  n o n re a c tiv e  lig a n d  
and th e  le a v in g  group . The in te r f e r e n c e  by base  h y d ro ly s is  i s  shown, 
and i t s  e l im in a tio n  by th e  use o f  a c id  media i s  d e sc r ib e d . The a d d i­
t i o n a l  problem  o f  in te r f e r e n c e  by t r i - i o d i d e  fo rm ation  in  a c id  io d id e  
media i s  a ls o  shown w ith  an e x p lan a tio n  o f  how i t  can be m inim ized.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4The expected  I > Br > Cl o rd e r fo r  th e  k in e t ic  t r a n s  e f f e c t ,  and th e  Cl> 
Br > I  o rd e r fo r  th e  le a v in g  group , a re  found. A b r i e f  d is c u s s io n  o f  th e  
mechanism i s  in c lu d e d , a lth o u g h  a c id  h y d ro ly s is  s tu d ie s ', by th em se lv es , 
do l i t t l e  to  e lu c id a te  th e  in t im a te  mechanism in  term s o f  d isp lacem ent 
v e rsu s  d i s s o c ia t io n .  The base  h y d ro ly s is  r e a c t io n s  a re  d iscu ssed  and 
r e l a t e d  to  th e  t r a n s  e f f e c t .
S uggestions fo r  f u r th e r  s tu d y  a re  made on th e  b a s is  o f  th e  scope 
p ro v id ed  by th e  la rg e  number o f  cyclam complexes s u c c e s s fu lly  p rep a red  
and c h a r a c te r iz e d ,  and t h e i r  unexpected  sen s iti\d L ty  to  base  h y d ro ly s is .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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I ,  INTRODUCTION
1 . P re p a ra tio n  o f  R h o d iu m (lll) Complexes
M acrocyclic  q u a d rid e n ta te  l ig a n d s  such as 1 ,4 ,8 ,1 1 -r te tra a z a c y c lo -  
te tra d e c a n e  (cyclam ) and 1 , 4 , 7 , 1 0 -te tra a za c y c lo d o d e c an e  (cy c len ) have
HN NH N-3-N N-2-N
(C H p 2  (C H j)j t a i
NH Cyclam (schem atic ) Cyclen
(GHg)^
Cyclam
become im p o rtan t s in c e  th e y  p ro v id e  a  s u b s t r a te  fo r  o c ta h e d ra l s u b s t i ­
tu t io n  m ech an is tic  s tu d ie s  w ith  two advantages over th e  more commonly 
s tu d ie d  b ise th y len ed iam in e  system s.
F i r s t ,  th e  r i g i d i t y  o f  th e  q u a d rid e n ta te  s t ru c tu re  i s  a b a r r i e r  
t o  s te re o is o m e r iz a t io n  du rin g  s u b s t i tu t io n  re a c t io n s  making th e  a c id  
h y d ro ly s is  s tu d ie s  o f  C o ( i l l )  s im p le r. Poon and Tobe^ found th a t  a l l  
th e  s u b s t i tu t io n s  (a c id  h y d ro ly s is ,  a n a tio n , and base  h y d ro ly s is )
o f  some t r a n s -d ia c id o c y c la m c o b a l t ( l l l )  complexes o ccu rred  w ith  com plete
2
r e te n t io n  o f  c o n f ig u ra t io n . In  a d d i t io n ,  th e y  found th a t  th e  c i s  
isom ers a lso  re ta in e d  th e  l e s s  s ta b le  c i s  c o n f ig u ra tio n  on s u b s t i t u t io n ,  
a lth o u g h  a slow subsequent is o m e riz a tio n  was observed . T h is  c i s  to  
t r a n s  iso m e riz a tio n  was shown to  go by way o f  th e  l a b i l e  c i s-C o(cyclam )- 
( 0 H)(H2 0 )^* c a tio n ^ . The iso m e riz a tio n  o f  th e  cis-hydroxoaquo complex 
i s  accompanied by exchange o f  two o f  th e  fo u r amine p ro to n s , wliich 
was assumed to  be n ecessa ry  fo r  th e  in v e rs io n  o f  th e  c o n f ig u ra tio n s  
o f  th e  n itro g e n  atom s. The c o n f ig u ra t io n a l  req u irem en ts  o f  th e  n itro g e n
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7donors a re  th e  most im p o rtan t b a r r i e r  to  s te reo ch em ica l change. T here 
i s  o n ly  one p o s s ib le  c i s  c o n f ig u ra tio n ;
+
N-3-N
'2 2
N-3-N 
+ +
The p lu s  r e p re s e n ts  a  p ro to n  which p o in ts  above th e  p la n e . However, 
th e r e  a re  f iv e  p o s s ib le  nonenantiom orphic t r a n s  form s. T here has been 
o n ly  one form d e te c te d ,  and i t  was a ss ig n e d  a s  a meso form on th e  b a s is  
o f  th e  d iaquo complex n .m .r . ,  r in g  s t r a in  argum ents, and analogy  w ith  
th e  known s t r u c tu r e  o f  N i(cyclam )C l2 , de term ined  by x - r a y  d i f f r a c t io n ^ .  
The two p o s s i b i l i t i e s  fo r  meso c o n f ig u ra tio n s  a re :
^^-3-N"' *N-3-N*
2 2 2 2I I  I I
N-3-N N-3-N
4* — — —
I t  can be seen th a t  c i s  to  t r a n s  iso m e r iz a tio n  in v o lv e s  th e  in v e rs io n  
o f  two o f  th e  n i tro g e n s  re g a rd le s s  o f  which t r a n s  c o n f ig u ra tio n  i s  p re ­
s e n t ,  The most l i k e l y  mechanism fo r  th e  in v e rs io n  i s  p ro to n  exchange,
w hich, a s  m entioned , was found to  accompany th e  s te reo ch em ica l r e a c t io n
3
studies by Poon and Tobe .
Secondly , b is (e th y le n e d ia m in e )  complexes can form e i th e r  a  t r i ­
gonal b ipyram id  o r a  square  pyram id a c t iv a te d  complex depending on th e  
c r y s t a l  f i e l d  a c t iv a t io n  energy in v o lv e d . A lthough th e  c r y s ta l  f i e l d  
a c t iv a t io n  energy i s  la rg e  f o r  th e  R h ( l l l )  and I r ( l l l )  congeners , and 
th e r e f o r e ,  fa v o rs  th e  square pyram id, com pensating f a c to r s  such a s  7t- 
bond s t a b l i z a t io n  can fav o r th e  t r i g o n a l  b ipyram id  fo r  C o ( l I I ) .  The 
s t e r i c  r e s t r i c t i o n s  imposed by cyclam fav o r a  square pyram id^.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8In  a d d i t io n ,  cyclam complexes a re  much sim pler th a n  n a tu r a l ly  
o c c u rr in g  q u a d rid e n ta te  cylic l ig a n d s  such a s  th e  p o rp h y rin s . The 
fo u r s u b s t i tu te d  p y rro le  r in g s  l in k e d  by fo u r m ethine b r id g e s  add th e  
c o m p lica tio n s  o f  s u b s t i tu e n t ,  s t e r i c ,  and c o n ju g a tiv e  e f f e c t s ,  no t 
p re s e n t in  cyclam .
A lthough cyclen  i s  more symmetric th a n  cyclam , th e  former does no t 
y ie ld  b o th  th e  un fo ld ed  ( t r a n s )  and fo ld e d  ( c i s )  c o n f ig u ra t io n s , w h ile  
th e  l a t t e r  does. T h is  p ro p e rty  i s  v a lu a b le  fo r  c is  and t r a n s  e f f e c t  
com parisons, and th e r e f o r e ,  cyclam i s  a more im p o rtan t l ig a n d . F o rtu n ­
a t e l y ,  cyclam i s  a ls o  th e  more s ta b le  compound in  th e  u n co o rd in a ted  
form , which i s  im p o rtan t fo r  p re p a ra to ry  convenience. The s t a b i l i t y
K
o f  cyclam i s  ex p la in ed  by Tobe^ as th e  r e s u l t  o f  d iag o n a l hydrogen 
b r id g in g  by two o f  th e  amine hydrogens*,
H. yH
T h is  i s  made p o s s ib le  by a fo ld e d  c o n f ig u ra tio n  of th e  f r e e  cyclam 
m o lecu le . T h is  structure le a v e s  two lo n e  p a i r s  of e le c tro n s  a v a i la b le  
for d i r e c t  p ro to n a tio n , which ag re es  v d th  th e  tv;o f a s t  and th e  tvro 
slow p ro to n a tio n s  o f  th e  four n i tr o g e n s ,  found by C u r t is ^ . In  com parison, 
th e  p ro to n a tio n  o f  th e  open chain  fo llo w s a r e g u la r  fo u r  s te p  sequence.
Recent work has produced some cy c len  complexes and s e v e ra l  cyclean 
com plexes. Collman and Schneider^ have p rep a red  some Gis-Co(cyclen)% 2 ^ 
com plexes, and a ls o ,  c is -R h (cy c le n )C l2 ^« A llen  and Pedwell® have p re ­
p a red  c is-C r(cy c lam )C l2 ^ as  w e ll  as  some cyclam complexes o f  s e v e ra l  
o th e r  m e ta ls ;  G u ( l l ) ,  Z n ( l l ) ,  C d ( l l ) ,  and P d ( l l ) .  Tobe and coworkers
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9have p rep a red  s e v e ra l  c i ^  and trans^-C o(cyclam )X 2 * com plexes, a  few
Ni(cyclam)X 2  complexes'^, and some c i s  and trans-Co(cyclam )XY* com- 
2
p iex es  , which were used  to  s tu d y  th e  mechanism and s t e r i c  course  o f
1 2  3 10o c ta h e d ra l a c id  h y d ro ly s is   ^ . B ounsa ll and Pedw ell have a ttem p ted
to  p rep a re  some d ia c id o c y c la m ir id iu m ( lI I ) complexes by th e  d i r e c t
r e a c t io n  o f  I r C lo «3 H2 O and cyclam in  w ater and a lso  m ethanol. Even th e
use  o f  a  NaBH  ^ c a ta ly s t  d id  no t g ive  a w e ll-d e f in e d  p ro d u c t.
In  a d d it io n  to  th e s e  c y c lic  l ig a n d s ,  th e  l i n e a r  q u a d rid e n ta te
an a lo g s  have re c e iv e d  re c e n t s tu d y . The t r ie th y le n e te t r a m in e  ( t r i e n )
complexes o f  C o ( l l l )  and R h ( l I I )  were re p o r te d  by G i l la r d  and W ilk in -
11 12 son , and a l s o ,  by Sargeson . The even more s im ila r  analog  to  cyclam ,
1 ,4 ,8 ,1 1 - te tra a z a u n d e c a n e  ( 2 , 3 , 2 - t e t ) ,  was s tu d ie d  by Alexander^^ and
G i l la r d ' '^ .  G i l la rd  term ed th e s e  open chain  l ig a n d s  as  f a c u l t a t i v e ,
based on t h e i r  a b i l i t y  to  assume d i f f e r e n t  c o n f ig u ra t io n s . The two
s ta b le  c i s  c o n f ig u ra tio n s  a s  opposed to  one fo r  cyclam , make th e se
system s more com plicated  and l e s s  d e s ir a b le  as  sim ple s u b s t r a te s  fo r
m ech an is tic  s tu d ie s .
S ince R h ( l l l )  complexes a re  r e l a t i v e l y  i n e r t ,  cau sin g  p re p a ra t io n s
to  be tim e-consum ing, a tte m p ts  have been made to  use  c a t a ly s t s .  Sev-
1 5e r a l  s u c c e s s fu l  ones have been re p o r te d  by G il la rd  and coworkers 
A s e r ie s  o f  red u c in g  a g en ts  in c lu d in g  e th a n o l , sodium b o ro h y d rid e , 
form ic a c id ,  hypophosphorous a c id ,  and hydraz in e  c a ta ly z e d  th e  d i r e c t  
r e a c t io n  o f  rhodium t r i c h lo r id e  and w eakly b a s ic  l ig a n d s  such as 
p y r id in e , Y -p ic o l in e ,  and bipyridyl. However, th e  d i r e c t  r e a c t io n  was 
n o t s u c c e ss fu l fo r  more s tro n g ly  b a s ic  l ig a n d s  such a s  ammonia and 
e th y len ed iam in e , because a  h y d ra ted  rhodium oxide i s  th e  on ly  p ro d u c t. 
An in d i r e c t  approach was s u c c e s s fu l ,  s in ce  a  te t r a p y r id in e  complex
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0
can be s u b s t i tu te d  vrt.th th e  more s tro n g ly  b a s ic  l ig a n d s  u s in g  th e  same 
c a t a ly s t s .
G i l la r d  o r ig in a l ly  ex p la in ed  t h i s  c a ta ly t i c  b eh av io r in  te rm s o f  
h y d rid e  t r a n s f e r  v /ith  th e  in te rm e d ia te  fo rm ation  o f  l a b i l e  h y d rid e s . 
However, in  subsequent work, he^^ argued  in  fav o r o f  re d u c tio n  to  R h ( l ) ,  
s in c e  th e  c a ta ly s t s  a re  red u c in g  ag en ts  a s  w e ll a s  hyd ride  t r a n s f e r  
a g e n ts . T h is  re d u c tio n  i s  th en  fo llow ed  by b rid g ed  complex fo rm ation  
w ith  an unreduced R h ( l l l )  complex and subsequent in te rc h a n g e  o f  o x id a tio n  
s t a t e s ,  s tro n g ly  l a b i l i z i n g  th e  t r a n s  l ig a n d , s in ce  R h (l)  i s  square 
p la n a r .
\ / \ /  \ / \ /
R h ( l) -G l-R h ( l l l ) -G l  ( i n e r t )  > R h ( lI I ) -C l-R h ( l) -C l ( l a b i l e )
/ \ / \  / \ / \
The h y d raz in e  complexes were r e a d i ly  i s o la te d  and were found to  be 
r e l a t i v e l y  i n e r t ,  which ru le d  ou t th e  p o s s i b i l i t y  o f  l a b i l i z a t i o n  by 
h y d raz ine  complex fo rm a tio n . However, th e  hyd raz ine  complexes a re  
l a b i l i z e d  in  an a c id  s o lu t io n ,  bu t t h i s  i s  due to  hydrazinium  fo rm a tio n ,
which i s  th en  a l a b i l e  l ig a n d .
37R ecent work by Rund has supported  th e  re d u c tio n  th e o ry  over th e  
hyd rid e  t r a n s f e r  l a b i l i z a t i o n  th e o ry . C a ta ly s ts  c o n ta in in g  R h (l)  
compounds were found to  be more a c t iv e  th an  th o se  c o n ta in in g  red u c in g  
and h y d rid e -p ro d u c in g  a g e n ts . Hydrido complexes o f  R h ( l l l )  d id  n o t 
e x h ib i t  c a t a ly t i c  a c t i v i t y ,  and hydrido  complexes o f  R h (l)  were n o t 
formed under th e  r e a c t io n  c o n d itio n s  used fo r  th e  p y r id in a t io n  r e a c t io n ,  
which was s tu d ie d . o -P h en an th ro lin e  in h ib i te d  th e  p y rid iin a tio n  r e a c t io n ,  
and t h i s  was in te r p r e te d  as th e  r e s u l t  o f  i t s  scavenger p ro p e r ty  fo r  
C a ta ly t ic  R h ( l) .  The s u b s t i tu t io n  r a t e  dependence o f  th e  r e a c ta n ts  fo r
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
11
one o f  th e  c a ta ly z e d  R h ( l l l )  r e a c t io n s  was de term ined . However, th e  
r e s u l t s  d id  no t unam biguously support one mechanism.
Basolo and Bauer have p rep a red  s e v e ra l  d ia c id o b is ( e th y le n e ­
diam ine ) i r i d i u m ( l l l )  complexes u s in g  hypophosphorous a c id  as  a  c a t a l y s t ,  
and some mixed c h lo ro a c id  complexes o f  th e  ty p e  tran s-M ( en)2 C1 X^  (M i s  
Rh o r I r )  by a new photochem ical method s t a r t in g  w ith  tran s-M (en )2 Cl2 '*’ . 
T h is  method in v o lv e s  th e  photo ( ’U ÿ c o r- f i l te re d  GEUAll, 1200 W m ercury 
a rc  lamp) a c id  h y d ro ly s is  o f  th e  d ic h lo ro  complex in  w ater a t  2 ^  C, 
fo llow ed  by a n a tio n  w ith  th e  d e s ir e d  an io n . The method i s  com plicated  
by th e  need to  remove c h lo r id e  u s in g  s i l v e r  n i t r a t e ,  s in c e  th e  c h lo r id e  
p re s e n t i s  expected  to  i n t e r f e r e  w ith  th e  d e s ire d  an io n , and som etim es, 
by  u n re a c te d  d ic h lo ro  complex rem oval.
A lthough th e  r e a c t io n s  o f  C o ( l l l )  have re c e iv e d  more a t te n t io n  
th a n  th o se  o f  R h ( l l l )  and I r ( l l l ) ,  m ain ly  because more c o b a lt  complexes 
have been p re p a red , th e  l a t t e r  a re  becoming more im p o rtan t as  new 
approaches to  th e  p re p a ra to ry  te ch n iq u es  a re  making more rhodium and 
ir id iu m  comolexes a v a i la b le  fo r  s tu d y .
2 . The T rans E ffe c t
One o f  th e  more i n te r e s t in g  fe a tu re s  o f  s u b s t i tu t io n  r e a c t io n s ,  
s u b je c t to  k in e t ic  s tu d ie s ,  i s  th e  a c t iv a t io n  by n o n re a c tiv e  g roups.
I f  th e  a c t iv a t io n  i s  by a  t r a n s  g roup , i t  i s  c a l le d  th e  t r a n s  e f f e c t ,  
a te rm  in tro d u c e d  by Chernyaev in  1926, and i f  i t  i s  c i s  a c t i v a t io n ,  
i t  can be c a l le d  th e  c i s  e f f e c t .  T h is  a c t iv a t io n  can be a  d e s ta b l iz in g  
e f f e c t ,  in  which case  i t  can be c a l le d  a thermodynamic t r a n s  e f f e c t ,  
o r  i t  can be a l a b i l i z i n g  e f f e c t ,  i n  w hich case  i t  can be c a l le d  a  
k in e t i c  t r a n s  e f f e c t .  Of c o u rse , a s  i s  g e n e ra l ly  t r u e ,  th e r e  i s  no
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req u irem en t t h a t  th e  k in e t ic  and thermodynamic e f f e c t s  a re  i n  th e  same 
d i r e c t io n .  Any th e o ry  o f  th e  t r a n s  e f f e c t  (o r  c i s  e f f e c t )  must make 
c le a r  w hether i t  i s  e x p la in in g  a ground s t a t e  o r a  t r a n s i t i o n  s t a t e  
e f f e c t ,  and th e  same f o r  ex p erim en ta l d e te rm in a tio n s . When th e  t r a n s
e f f e c t  i s  m entioned by i t s e l f ,  a k in e t ic  e f f e c t  i s  meant a s  i s  c l e a r ly
19s ta t e d  in  a d e f in i t io n  by Basolo a s  " th e  e f f e c t  o f  a co o rd in a ted  
group upon th e  r a t e  o f  s u b s t i tu t io n  r e a c t io n s  o f  l ig a n d s  o p p o s ite  i t  
i n  a  m e ta l com plex". T h is  usage has developed because o f  th e  h i s t o r i c a l  
predom inance o f  P t ( l l )  k in e t ic  t r a n s  e f f e c t  s tu d ie s .
The s u b s t i tu t io n  r e a c t io n s ,  which a re  most c o n v en ie n tly  s tu d ie d  in  
aqueous media a re  a c id  h y d ro ly s is ,  b ase  h y d ro ly s is ,  and a n a tio n . The
h y d ro ly s is  te rm s d e sc r ib e  th e  r e a c t io n  depending on th e  p ro d u c t. Acid
20h y d ro ly s is  g iv e s  an aquo p roduct and has a ls o  been c a l le d  a q u a tio n ;
21b ase  h y d ro ly s is  g iv e s  a  hydroxo p roduct , and was fo rm erly  c a l le d
22sim ply h y d ro ly s is .  Basolo suggested  th a t  th e  sim ple te rm , h y d ro ly s is ,  
be a p p lie d  to  a r e a c t io n  g iv in g  an e q u ilib r iu m  m ix tu re  o f  aquo and 
hydroxo p ro d u c ts . Of c o u rse , th e  p ro d u c t i s  determ ined  by th e  pH o f  
th e  r e a c t io n  medium and th e  a c id i ty  o f  th e  aquo com plexes. The predom­
in a n t  r e a c t io n  i s  n u c le o p li i l ic  a t ta c k  by w a te r because o f  i t s  o v e r­
whelming c o n c e n tra tio n  r e l a t i v e  to  o th e r  n u c le o p h ile s  in  aqueous s o lu t io n .  
The t h i r d  r e a c t io n ,  a n a tio n , r e f e r s  to  s u b s t i tu t io n  o f  w a ter by any 
an io n .
The k in e t i c  a c t iv a t io n  e f f e c t s  can be s tu d ie d  by means o f  any 
s u b s t i tu t io n  r e a c t io n ,  a lth o u g h  a c id  h y d ro ly s is  has been most commonly 
u se d . S ince w a te r i s  th e  common e n te r in g  group in  liigh c o n c e n tra tio n  
( i . e .  th e  s o lv e n t ) ,  th e s e  s tu d ie s  a re  o f  l i t t l e  d i r e c t  v a lu e  mechan­
i s t i c a l l y  due to  a p s e u d o - f i r s t  o rd e r r a t e  law . However, by  i s o l a t i n g
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two l ig a n d s  th ro u g h  th e  o ccupation  o f  fo u r p o s i t io n s  by an am ine, 
p re fe ra b ly  c h e la te d  to  in c re a s e  in e r tn e s s ,  th e  l a b i l i z in g  e f f e c t s  o f  
th e  two r e l a t i v e l y  more l a b i l e  l ig a n d s  can be s tu d ie d  co n v en ie n tly .
The t r a n s  e f f e c t  fo r  o c ta h e d ra l complexes fo llo w s a s im ila r  o rd e r 
to  t h a t  o f  square  p la n a r  complexes w ith  re s p e c t  to  o '-d o n o rs , w h ile  7f- 
bonders can g iv e  r i s e  to  some d i f f e r e n c e s .  In  comparing ambident l ig a n d s  
such a s  n i t r o  and th io c y a n a to , th e  p a r t i c u la r  bond which i s  p re se n t
must be k ep t in  m ind. The square  p la n a r  P t ( l l )  d a ta  i s  by f a r  th e  most
23 -  _e x te n s iv e  and g iv e s  th e  o rd e r : CO, CN , CoH/  ^> PR^, H > CH3  , t u
C^H^", NOp", l ” , SCN~>Br", C l" > py , NH3 , OH", HpO. A t e n t a t i v e  o rd e r
2/  25fo r  P t( lV ) ,  based  on i s o la te d  p ro d u c ts  a s  w e ll a s  r a t e  d a ta  i s ;
I ” > C l“ > NOp" > NCS" > OH" > NH^. However, th e  s u b s t i tu t io n  r e a c t io n s  o f  
P t(IV ) a re  c a ta ly z e d  by l i g h t ,  s in g le  e le c tro n  red u c in g  a g e n ts^ ^ , and
27P t ( l l ) .  An o rd e r fo r  C o ( l l l )  based  on r a t e  d a ta  fo r  th e  a c id  h y d ro ly s is  
o f  C o(en)2 LCl* i s  0H~ > NOp" > N3 "  > CN“ > Br"> C l"> NH3  >NCS“ . T h is  i s  
changed to  NOp" > CN” > N3 " > NH3  > B r" > C l" > OH" > NGS", based  on a c t iv a t io n  
e n e rg ie s .  However, two d i f f e r e n t  mechanisms appear to  be in v o lv ed  
depending on th e  9T-donor o r a c c e p to r  p ro p e r t ie s  o f  th e  t r a n s  lig a n d  
(see  p . 14 ) .
For square  p la n a r  P t ( l l )  com plexes, th e  t r a n s  e f f e c t  i s  more 
im p o rtan t th an  th e  c i s  e f f e c t ,  w h ile  o c ta h e d ra l G o ( l l l )  e x h ib i ts  bo th  
e f f e c t s  s tro n g ly  depending on th e  bonding c h a r a c te r i s t i c s  o f  th e  l ig a n d s .  
The P t ( l l )  t r a n s  e f f e c t  i s  "one o f  th e  most d ram atic  e f f e c t s  on th e
r a te s  o f  s u b s t i tu t io n  r e a c t io n s  in  m eta l com plexes, spanning many
28  29o rd e rs  o f  m agnitude" . Z vyagin tsev  and Karandasheva showed q u a n ti­
t a t i v e  ev idence  fo r  th e  degree o f  th e  e f f e c t  w ith  th e  r a t e  c o n s ta n ts  
and a c t iv a t io n  e n e rg ie s  fo r  th e  s u b s t i tu t io n  o f ch lo ro  by p y r id in e
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in  th e  r e a c t io n
NH3  NH3
L-Pb-Cl + p y  > L -P t-p y  + Gl~
I I
Cl Cl
There was a  h u n d red -fo ld  in c re a s e  in  r a t e s  from L » C l" to  L = CgH/ ,^
and a  d ec rea se  o f  8 k c a l  mole”^ from L = C l” to  L = NOp . Basolo and
cow orkers^^ found an even g re a te r  range o f  r a t e s  fo r  th e  r e a c t io n  o f
tra n s -P t(P E b 3 )pLCl w ith  p y r id in e , A 1 0 ^ -fo ld  in c re a s e  in  r a t e s  was
observed  from L i s  C l"  to  L i s  PEt3 , H” , o r  CH3 " ,  In  com parison, th e
c i s  e f f e c t  was v e ry  sm all a s  determ ined  by th e  range o f  r a t e s  fo r  th e
re a c t io n  o f  c is -P t(P B t3 )pLGl w ith  p y r id in e .  There was on ly  a  th r e e -
30fo ld  in c re a s e  from L i s  C l" to  L i s  CH3 " . However, when th e  t r a n s  
e f f e c t  i s  v e ry  sm a ll, th e  c i s  e f f e c t  can become r e l a t i v e l y  im p o rta n t,
3 1M artin  and cow orkers have shown th a t  th e  h y d ro ly s is  r a t e s  o f  th e  
P tC l^ ^ “ to  Pt(NH3 ) 3 Cl* s e r ie s  can be ex p la in ed  in  te rm s o f  a  c i s  e f f e c t  
in s te a d  o f  th e  c l a s s i c a l  t r a n s  e f f e c t  and bond s t r e n g th  argum ent.
For C o ( l l l ) ,  th e  c i s  e f f e c t  can be v e ry  pronounced, and g re a te r  
th a n  th e  t r a n s  e f f e c t  even fo r  good t r a n s  a c t i v a to r s .  From a s tudy  by 
Tobe and cow orkers^^, i t  i s  e v id en t t h a t  ?<-bonding p la y s  an im p o rtan t 
r o le  in  C o ( l l l )  r e a c t io n s ,  and can account fo r  th e  r e l a t i v e  im portance 
o f  th e  c i s  and t r a n s  e f fe c ts »  The a c id  h y d ro ly s is  o f  c i s  and t r a n s -  
Co( en ) 2 b C l a t  25® C was used  to  compare c i s  and t r a n s  r a t e  d a ta  (F ig . 1 ) .  
I t  was found th a t  th e r e  was a s tro n g e r  c i s  e f f e c t  fo r  X -donors , and a 
s tro n g e r  t r a n s  e f f e c t  fo r  T f-accep to rs . The most i n e r t  complexes in v o lv ed  
L b e in g  NH  ^ o r H ÿ ,  which a re  n e i th e r 'n ’-donors n o r -a c c e p to rs .
The o v e r a l l  l a b i l i z a t i o n ,  b o th  c i s  and t r a n s ,  by “h -a c c e p to rs  i s  
ex p la in ed  by th e  w ithd raw al o f  t 2 g e le c tro n  d e n s ity ^ ^ . T h is  red u ces  th e
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o - c i s
x - t r a n s
-2
ClOH N, NCS NH, NONH
‘Ti'-donors ^7<-acceptors
F ig . 1 . Acid H y d ro ly sis  R ates  o f  C o(en)plC l*
e le c tro n  d e n s ity  around th e  t r a n s  l ig a n d ,  and to  a  l e s s e r  e x te n t 
around th e  c i s  l ig a n d s ,  which f a c i l i t a t e s  n u c le o p h i l ic  c i s  a t t a c k ,  
th a t  i s ,  so lv e n t a s s is ta n c e  i n  clxLoro bond b re a k in g . S ince  th e  t r a n s  
e le c tro n  d e n s i ty  d ecrease  i s  g r e a te r ,  T f-accep to rs  d is p la y  a  g re a te r  
t r a n s  e f f e c t ,  and in v o lv e  more bond malcing in  th e  a c t iv a te d  complex.
-G o Cl
L i s  7T -accep tor
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On th e  o th e r  hand, a  7f-donor p u ts  more n é g a tiv e  charge on th e  m eta l 
f a c i l i t a t i n g  d i s s o c ia t io n .  T h is  i s  more s tro n g ly  a  c i s  e f f e c t ,  s in ce  a 
c i s  l ig a n d  can more e f f e c t iv e ly  Tf-donate to  th e  v aca ted  o r b i t a l  w ith  
l e s s  rearrangem ent i n  th e  a c t iv a te d  complex w ith  a  t e t r a g o n a l  pyramid 
c o n f ig u ra t io n . The t r a n s  l ig a n d  cannot do t h i s  as  i l l u s t r a t e d .  The 
v aca ted  o r b i t a l  i s  i n  d ash es , i n  th e  diagram s below.
c is  L i s  7f-donor t r a n s
For a  t r a n s  e f f e c t ,  rearrangem ent to  a  t r i g o n a l  b ipyram id  i s  n e ce s ­
s a ry  fo r  s im i la r  Ti-donation and s t a b l i z a t io n  o f  th e  a c t iv a te d  complex.
Co •
The diagram  shows e f f i c i e n t  o v e rla p  v d th  th e  v acan t d^2_y2 (dashed) in  
a t r i g o n a l  b ipyram id  a c t iv a te d  complex. The c r y s ta l  f i e l d  a c t iv a t io n  
energy f o r  rearrangem ent to  a t r i g o n a l  bipyram id i s  h igh  fo r  G o ( l l l ) ,  
and even h ig h e r fo r  R h ( l l l )  and I r ( l l l ) .  T h e re fo re , th e  c i s  e f f e c t  i s  
expec ted  to  be s tro n g e r  fo r  th e  c o b a lt  congeners. However, th e  d is p la c e ­
ment mechanism i s  more im p o rtan t fo r  th e  h e av ie r  m e ta ls , and as such , 
th e  TT-donor mechanism fo r  a c t iv a te d  complex s ta b l iz a t io n  may no t be 
o p e ra t iv e .  T h is  would make th e  <r-donor a b i l i t y  o f  L more im p o rta n t, 
and r e s u l t  in  a s tro n g e r  t r a n s  th a n  c i s  e f f e c t .
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The d u a l i ty  o f  mechanism, which was u sed  to  e x p la in  th e  r e l a t i v e  
m agnitude o f  th e  c is  and t r a n s  e f f e c t s ,  was n o t supported  by Tobe in  
d e ta i le d  k in e t ic  s tu d ie s  over a w ide range  o f  n o n -s o lv o ly tic  c o n d itio n s .
Q C
Langford suggested  th a t  th e  mechanism fo r  C o (I I I )  r e a c t io n s  i s  
e s s e n t i a l l y  u n im o le c u la r , and th e  d u a l i ty  o f  b eh av io r a r i s e s  from th e  
two p o s s ib le  c o n f ig u ra tio n s  o f  th e  d is s o c ia te d  a c t iv a te d  complex, th e  
t r i g o n a l  b ipyram id  and th e  te t r a g o n a l  pyramid» T h is  c o n tr a d ic ts  th e  '/t- 
a cc e p to r th e o ry ,  bu t t r a n s  l a b i l i z a t i o n  can be ex p la in ed  i n  term s o f  
a fl'-donor th e o ry .
In d u c tiv e  e f f e c t s  u s in g  th e  u -bond ing  m eta l o r b i t a l s  w ith  d i r e c t io n a l  
p r o p e r t ie s  r e s u l t s  in  a  t r a n s  e f f e c t .  The s and eg m eta l o r b i t a l s  have 
an eq u al c i s  and t r a n s  in d u c tiv e  e f f e c t ,  w h ile  th e  p o r b i t a l s  have o n ly  
a  t r a n s  e f f e c t .  T h e re fo re , th e  cT -inductive  e f f e c t  i s  an o v e r a l l  t r a n s  
e f f e c t^ ^ .  T h is  can a ls o  be co n sid e red  a s  co v a len t co m p etitio n  fo r  th e  
0^  M.O., by which L ta k e s  a  l a r g e r  sh are  o f  th e  m o lecu lar o r b i t a l  
le a v in g  l e s s  f o r  th e  le a v in g  group , X.
•X
Equal sh a r in g  o f  cr^ C om petition  by L fo r  (T,
X
The u se  o f  cyclam complexes p re v e n ts  t r i g o n a l  b ipyram id  fo rm atio n , 
which i s  supported  by r e te n t io n  o f  c o n f ig u ra tio n  d u rin g  s u b s t i tu t io n  
r e a c t io n s .  As such , th e  t r a n s  fb-donor mechanism cannot be o p e ra t iv e . 
T h is  i s  su p ported  by th e  o b se rv a tio n  th a t  c is-G o(cyclam )C l2 '  ^ i s  15000 
tim es  a s  l a b i l e  a s  th e  t r a n s  isom er a t  25° G^, In  com parison, th e re  i s  
o n ly  a  s ev e n -fo ld  in c re a s e  in  r a t e s  a t  25° G from th e  c is  to  t r a n s  
b i  se thy len ed iam in e  an a lo g s . In  a d d i t io n ,  th e r e  i s  35$ s t e r i c  change
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f o r  t ra n s -C o (e n ) 2 Cl2 * , and none fo r  th e  c i s  iso m er, which su p p o rts  th e  
two c o n f ig u ra tio n s  fo r  th e  a c t iv a te d  complex, a t r i g o n a l  b ipyram id  fo r  
t r a n s  and a te t r a g o n a l  pyramid fo r  c i s .  Another r e s u l t  o f  t h i s  s tu d y  
was o n ly  a t h i r t y - f o l d  d ecrease  o f  r a t e  from tra n s -G o (e n )2 C l2 * to  t r a n s -  
Go(cyclara)Cl2 » which su g g es ts  t h a t  th e  n-bond s ta b l iz a t io n  o f  th e  a c t i ­
v a te d  complex i s  a lm ost c a n c e lle d  by th e  c r y s ta l  f i e l d  a c t iv a t io n  energy 
f o r  rea rran g em en t. F u r th e r  ev idence fo r  th e  s im i la r i ty  o f  energy  fo r  th e  
two c o n f ig u ra tio n s  i s  g iven  by th e  p resen ce  o f  b o th  fo r  Ni(CN)^ in  
th e  [C r(en)3 l[N i(C N )5 l -1 ^ 8 2 0  u n i t  c e l l ^ ? .
Some ev idence  fo r  th e  in c re a s e d  im portance o f  th e  < r-trans e f f e c t  
f o r  R h ( l l l )  i s  p ro v id ed  by th e  base  h y d ro ly s is  r a te s ^ ^  o f  Rh(îlH3  ) 3 C1 '^*‘ 
and c is -R h (e n ) 2 Gl2 ^ , which a re  f a s t e r  in  b a se , w h ile  th e  tra n s -R h (e n ) 2 Gl2 * 
r a t e  i s  th e  same in  a c id  and b a se . T h is  means t h a t  th e  c i s  e f f e c t  o f  
NH“ formed by th e  SNIGB mechanism in  th e  l a t t e r  complex i s  sm all and 
superseded  by th e  t r a n s  e f f e c t  which can o p e ra te  in  th e  form er two 
complexes in  wltich NHg" and NH~ a re  t r a n s  to  th e  le a v in g  group , G l~. In  
a d d i t io n ,  th e  r a t i o  kQ^-/ky Q i s  v e ry  much l e s s  fo r  c is -R h (e n ) 2 Gl2 * th a n  
fo r  o is -C o (e n ) 2 C l2 ^ . These r e s u l t s  in d ic a te  th a t  a c t iv a t io n  by 
d onation  i s  d ecreased  fo r  R h ( l l l )  a s  ex p ec ted .
The (T -inductive  e f f e c t  i s  r e l a t e d  to  th e  p o l a r i z a b i l i t y  o f  th e  
t r a n s  a c t i v a to r  a s  w e ll a s  o f  th e  c e n t r a l  m e ta l. A more p o la r iz a b le  o r 
s o f te r  l ig a n d  can t r a n s f e r  more charge to  th e  m e ta l, and in  t u r n ,  a 
s o f te r  m eta l can accep t more charge from th e  l ig a n d . T h is  acco u n ts  fo r  
th e  halo  t r a n s  e f f e c t  o rd e r ( l  > Br > C l) .  Changing th e  c e n t r a l  m eta l 
shou ld  n o t change t h i s  o rd e r ,  b u t i t  i s  expected  th a t  a  s o f t e r  m eta l 
w i l l  in c re a s e  th e  d if f e r e n c e s  in  t r a n s  a c t i v a t io n .  In  f a c t ,  th e  whole 
s u b s t r a te  shou ld  be c o n s id e re d , s in c e  th e  i n e r t  l ig a n d s  c o n tr ib u te  to
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th e  o v e ra l l  p o l a r i z a b i l i t y  o f  th e  c e n t r a l  m e ta l. On t h i s  b a s i s ,  th e  
I r ( e n ) 2 l^*  s u b s tr a te  i s  s o f te r  th a n  th e  R h(en)2 L^^ s u b s t r a te ,  and should  
dem onstrate  a g re a te r  t r a n s  e f f e c t .  A comparison o f  th e ' a c t iv a t io n  
e n th a lp ie s^ ^  o f  th e  a c id  h y d ro ly s is  o f  t r a n s - I r ( e n ) 2 LGl'*^  and t r a n s -  
R h(en)2 LCl^ shows eq u a l t r a n s  e f f e c t s ,  w h ile  th e  a c id  h y d ro ly s is  o f  
t r a n s - I r ( e n ) 2 lB r^  shows a l e s s e r  e f f e c t  th a n  tra n s -R h (e n ) 2 LBr* . W hile 
t h i s  r e s u l t  i s  u n expec ted , th e  s u b s t i tu t io n  re a c t io n s  o f  square p la n a r  
complexes do show th e  i n t e n s i f i e d  t r a n s  e f f e c t  fo r  th e  s o f te r  P t ( l l )  
system  opposed to  th e  h a rd e r P d ( l l )  and N i ( l l )  system s. S ince  th e  I r ( l l l )  
work i s  v e ry  new, no ex p lan a tio n  h a s , a s  y e t ,  been made o f  i t s  unexpected  
b e h a v io r .
I n  summary, th e  a c t iv a t io n  by n o n re a c tiv e  l ig a n d s  in  o c ta h e d ra l 
s u b s t i tu t io n  r e a c t io n s ,  from a I t in e t ic  p o in t o f  view , can be a t t r i b u t e d  
t o  a c i s  7r-donor e f f e c t ,  a  t r a n s  /r-ac c ep to r e f f e c t ,  and a t r a n s  cr- 
in d u c tiv e  e f f e c t .  Each e f f e c t  has an o v e r a l l  l a b i l i z in g  in f lu e n c e ,  and 
th e r e f o r e ,  th e  te rm s c i s  and t r a n s  a re  used  to  denote th e  g re a te r  
r e l a t i v e  d i r e c t io n a l  e f f e c t .  O r ig in a l ly ,  th e  e f f e c t  was observed  fo r  
P t ( I l )  r e a c t io n s ,  in  which on ly  th e  t r a n s  e f f e c t  was seen due to  th e  
sm all degree o f  Tb-bonding and th e  h igh  degree o f  p o l a r i z a b i l i t y  fa v o r­
in g  th e  m -in d u c tiv e  t r a n s  e f f e c t .  The o b se rv a tio n  o f  a  c i s  e f f e c t  in  
C o (I I I )  r e a c t io n s  does n o t d e t r a c t  from th e  t r a n s  e f f e c t  t h e o r ie s ,  b u t
i s  a  lo g ic a l  ex ten s io n  o f  th e  if-donor th e o ry .
The p o la r iz a t io n  th e o ry  o f  G rinberg^^  i s  ra ther- n a iv e , b u t p ro v id es
a u s e f u l  in tr o d u c t io n  to  th e  M.O. th e o ry  o f  c r-in d u c tio n . The p rim ary
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charge on M ind u ces  a d ip o le  on L, w hich in  tu rn  in d u ces  a d ip o le  on 
th e  m e ta l, which ends th e  sequence by r e p e l l in g  th e  p rim ary  n e g a tiv e  
charge o f  th e  le a v in g  group , X. The th e o ry  s u f f e r s  from two s e r io u s  
o b je c t io n s '^ .  F i r s t ,  th e  induced  d ip o le  on th e  m e ta l should  depend on 
th e  n e t charge o f  L more s tro n g ly  th a n  th e  induced  moment; seco n d ly , 
th e  e f f e c t  should  be g re a te r  fo r  s h o r te r  bond le n g th s ,  wliich g iv e s  th e  
w o n g  o rd e r fo r  Cl and I  .
However, i t  i s  c le a r  t h a t  t r a n s  l a b i l i z a t i o n  i s  r e l a t e d  to  th e  
ground s t a t e  d e s ta b l iz a t io n  o f  th e  le a v in g  group bond, w hich, a s  
m entioned , can be c a l le d  a thermodynamic t r a n s  e f f e c t .  T here a re  several, 
ways to  determ ine th e  le a v in g  group bond s tre n g th  ex p e rim en ta lly : 
s t a b i l i t y  c o n s ta n ts ,  x - r a y  s tu d ie s ,  in f r a r e d  s p e c tra ,  n u c le a r  m agnetic 
re so n an ce , a c id  s tre n g th s  o f  aquo com plexes, m olar r e f r a c t io n  u s in g  
a d d i t iv e  atom ic r e f r a c t io n s ,  and d ip o le  moments. The ex p erim en ta l e v i­
dence does c l e a r ly  dem onstrate  th e  d i f f e r e n t i a l  bond weakening p ro p e r ty  
o f  t r a n s  a c t i v a to r s .  Of c o u rse , th e  thermodynamic o rd e r i s  expected  to  
co rrespond  to  th e  k in e t ic  o rd e r  o n ly  i f  th e  assum ptions o f  th e  l in e a r  
f r e e  energy r e l a t io n s  a re  m et, namely th a t  th e  Morse p o te n t ia l  cu rves 
a re  p a r a l l e l  fo r  r e l a t e d  compounds and th a t  th e  f r e e  e n e rg ie s  can be
Ip
d i r e c t l y  r e l a t e d  to  e n th a lp ie s ,  t h a t  i s ,  c o n s ta n t e n tro p ie s  a re  found . 
I f  th e  e n tro p ie s  o f  a c t iv a t io n  v a ry , th e  cho ice  o f  tem p e ra tu re  can g iv e  
c o n tra d ic to ry  r e s u l t s .
The M.O. th e o ry  o f  th e c T -in d u c tiv e  t r a n s  e f f e c t ,  which was d e sc r ib e d , 
i s  more i n t e r n a l l y  c o n s is te n t  th a n  th e  G rinberg  th e o ry ,  and i s  n o t 
r e s t r i c t e d  to  p o l a r i z a b i l i t y  a s  th e  b a s ic  de term in an t o f  t r a n s  a c t iv a ­
t i n g  a b i l i t y .  I n  th e  case  o f  P t ( l l ) ,  th e  p o l a r i z a b i l i t y  i s  im p o r ta n t, 
s in c e  s o f t e r  a c t iv a to r s  a re  expected  to  compete fo r  a la r g e r  co v a len t
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sh a re  o f  th e  M.O. o f  a s o f t  m eta l io n .  However, th e  M.O. th e o ry  i s  
n o t r e s t r i c t e d  to  a d is c u s s io n  o f  p o l a r i z a b i l i t y ,  and may be in te r p r e te d  
on th e  b a s is  o f  any f a c to r  a f f e c t in g  c o v a len t bond s t r e n g th .
The -Tf-acceptor t r a n s  e f f e c t  i s  c l e a r ly  a t r a n s i t i o n  s t a t e  pheno­
menon, s in c e  i t  i s  g e n e ra l ly  accep ted  th a t  i t  has a s ta b l iz in g  e f f e c t  
on a l l  th e  bonds i n  th e  ground s t a t e  th ro u g h  o '-donor charge rem oval from 
th e  c e n t r a l  m e ta l io n .  The a c t iv a t io n  can be ex p la in ed  assum ing th e  
d is p la c m e n t  mechanism fo r  a  d iam agnetic  d® system  w ith  a  t r i g o n a l  
b ipyram id  in te rm e d ia te  in  two ways. F i r s t ,  th e re  i s  th e  argument a lre a d y  
u sed  f o r  th e  o c ta h e d ra l t r a n s  e f f e c t ,  t h a t  i s ,  f a c i l i t a t i o n  o f  n u c leo ­
p h i l i c  a t ta c k  th ro u g h  p r e f e r e n t i a l  t r a n s  u -e le c t r o n  d e n s i ty  rem oval.
T h is  was a p p lie d  to  square p la n a r  P t ( l l )  by O rge l^^ , Secondly , th e r e  i s  
th e  h -bond  s t a b l i z a t io n  o f  a  t r i g o n a l  bipyram id in te rm e d ia te  a s  d e sc rib e d  
by  C hatt and cow orkers^^. T h is  i s  s im ila r  to  th e  •n'-bond s t a b l i z a t io n  
d e sc rib e d  f o r  th e  t r i g o n a l  b ipyram id  fo rm ation  from o c ta h e d ra l d is s o c ­
i a t i o n ,  The c i s  e f f e c t  r e s u l t in g  from a square  pyram id a c t iv a te d  complex 
i s  no t expec ted  fo r  P t ( l l ) ,  and on ly  a v e ry  sm all c i s  e f f e c t  i s  found.
Langford and Gray^^ a lso  d is c u s s  t r i g o n a l  b ipyram id  s t a b l iz a t io n  
bo th  a s  a (T -trans e f f e c t  and a s  a  -VF-trans e f f e c t  on th e  b a s is  o f  M.O. 
bonding . A lthough th e  t r i g o n a l  b ipyram id  a c t iv a te d  complex i s  o f  f a r  
l e s s e r  im portance fo r  o c ta h e d ra l r e a c t io n s ,  th e  p r in c ip le s  should  be 
a p p lic a b le  to  o th e r  c o n f ig u ra t io n s . The c r- tra n s  e f f e c t  i s  a t t r i b u t e d  
to  th e  re p u ls io n  o f  t r a n s  cr e le c tro n s  by an a c t i v a to r ,  which can pu t 
a  g re a t d e a l o f  n e g a tiv e  charge in  th e  o r b i t a l  o f  th e  m eta l c o n s id e r­
in g  th e  x -a x is  a s  th e  r e a c t io n  coordi.na.te. T h is i s  s im ila r  t o  th e  
co v a le n t co m p etitio n  ground s t a t e  th e o ry . In  a d d i t io n ,  Langford and 
Gray p re d ic t  a t r a n s i t i o n  s t a t e  s ta b l iz a t io n  e f f e c t .  The th re e  groups
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i n  th e  t r i g o n a l  p la n e , th e  t r a n s  a c t i v a to r ,  th e  e n te r in g  g roup , and th e  
le a v in g  group can sh are  two p o r b i t a l s ,  w h ile  fo u r l ig a n d s  must sh are  
th e  same two p  o r b i t a l s  in  th e  square  p la n e . T h e re fo re , 'g o o d  cr-bonders  
(H~, CH^") can s ta b l iz e  th e  t r i g o n a l  b ipyram id  by s tro n g e r  <r-bonding to  
th e  e x tra  a v a i la b le  m eta l cr o r b i t a l s .  I t  i s  im p o rtan t to  keep in  mind 
th a t  th e  p  o r b i t a l s  in v o lv ed  have t r a n s  d i r e c t io n a l  p r o p e r t i e s ,  and 
th e r e f o r e ,  th e  a c t iv a t io n  i s  s p e c i f i c a l ly  t r a n s .  T h is  does n o t p rec lu d e  
o v e r a l l  c i s  and t r a n s  a c t iv a t io n  by th e  same mechanism u s in g  th e  o th e r  
m eta l cr o r b i t a l s ,  namely d^2 „y2 , d%2 , and s .
The ■n'-trans e f f e c t ,  d iscu ssed  from M.O. th e o ry , does no t add much 
to  th e  p rev io u s  d is c u s s io n . I t  acco u n ts  fo r  o v e ra l l  s ta b l iz a t io n  th rough  
th e  in c re a se d  use  o f  7t M .O .'s  in  th e  a c t iv a te d  complex, b u t m ain ly  by 
th e  e q u a to r ia l  l ig a n d s  which in c lu d e  th e  t r a n s  a c t iv a to r  r e s u l t in g  in  
a t r a n s  e f f e c t .  The a d d it io n  o f  th e  t e t r a g o n a l  pyram id in te rm e d ia te  and 
an e x p lan a tio n  o f  th e  c i s  e f f e c t  would make t h i s  th e o ry  more com plete 
and a p p lic a b le  to  o c ta h e d ra l  r e a c t io n s ,  e s p e c ia l ly  G o ( l l l ) .
Good t r a n s  a c t i v a to r s  can be p laced  in  th r e e  c a te g o r ie s '^  on th e  
b a s is  o f  t h e i r  bonding c h a r a c te r i s t i c s  r e g a rd le s s  o f  th e  p a r t i c u la r  
th e o r ie s  p roposed  to  account fo r  th e  mechanisms. There a re  s tro n g  <r- 
bonders (H~, CH3 " ) ,  s tro n g  -bonders  CO), and m oderate (T and
^ -b o n d e rs  ( l “ , t u ) .  Weak t r a n s  a c t i v a to r s  (NH3 , 0H“ ) do n o t f i t  in  any 
o f  th e  th r e e  c a te g o r ie s .
P a rs h a ll^ ^  has g iven support to  t h i s  c l a s s i f i c a t i o n ,  a t  l e a s t  from 
th e  thermodynamic o r  bond weakening p o in t o f  v iew , to  show th a t  th e  
t r a n s  e f f e c t  i s  b o th  a cr and r r - e f f e c t .  The n .m .r .  s h ie ld in g  p a ra ­
m e te rs  o f  m -fluoropheny l complexes a re  s e n s i t iv e  to  th e  t r a n s  <r-donors in  
a  F t ( 1 1 ) com plex. By v a ry in g  th e  a--donor, i t  was found th a t  th e  n .m .r .
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s h i f t s  corresponded  rou g h ly  to  th e  b a s i c i t i e s  o f  th e  t r a n s  a c t i v a to r .
On th e  o th e r  hand, th e  p -f lu o ro p h e n y l complexes had slh .e ld in g  p a ram e te rs , 
a f t e r  c o r re c t io n  fo r  th e  cr in d u c tiv e  e f f e c t s ,  which in d ic a te d  th e  
degree o f  rr-accep tance  by a t r a n s  a c t i v a to r .  The s tro n g ,n -a c c e p ta n c e  o f  
CN~, SnCl^J and 02^^ as w e ll a s  th e  weaker ^ -d o n a tio n  o f  th e  h a l id e s  
was dem onstrated  by th e  p a ra  chem ical s h i f t s .
The in c re a s e d  a v a i l a b i l i t y  o f  f a r  in f r a r e d  sp ec tro m e te rs  has 
r e s u l te d  in  more lig a n d -m e ta l s t r e tc h in g  frequency  d a ta .  The v a r ia t io n s  
o f  th e  M-N (•^500cm~^), th e  M-Cl (~300 cm“^ ) ,  and th e  M-Br (^200 cm~^) 
s t r e tc h in g  f re q u e n c ie s  on changing th e  t r a n s  a c t iv a t in g  lig a n d  has 
p rov ided  thermodynamic t r a n s  e f f e c t  d a ta .  The bond weakening i n  th e  
ground s t a t e  by good a c t iv a to r s  i s  c l e a r ly  shown by th e  la rg e  v a r ia t io n s .  
The P t ( I I ) - C l  s t r e tc h in g  frequency^^ v a r ie s  from 340 cm“^ fo r  t r a n s -  
ch lo ro  to  2 7 0  cm ^ fo r  t r a n s  h y d rid o . The R h ( l l l ) - C l  frequencies'^'*'^ in  
s o l id  tra n s - [R h (e n ) 2 ClX]C1 0 ^ change from 343 cm~^ fo r  t r a n s -c h lo ro  to  
343 o r 333 cm"^ fo r  trans-b rom o to  311 cm“^ fo r  t r a n s - io d o .  The t r a n s  
bond weakening i s  a ls o  shown by th e  R h ( lI I ) -B r  fre q u e n c ie s  in  s o l id  
t r a n s - [Rh( e n )pBrX] GIO^ .^ The v a lu e  d ec rea se s  from 223 cm“^ fo r  t r a n s -  
bromo to  1 9 6  cm ^ fo r  t r a n s - io d o .
The aquo complex a c id  s t r e n g th  d a ta  i s  l im i te d ,  and must be c a re ­
f u l l y  in te r p r e te d .  However, i t  does p ro v id e  an in d i r e c t  measure o f  th e  
M-0 bond s t r e n g th ,  assum ing th a t  a s tro n g e r  a c id  and wealcer 0-H bond 
mean a s tro n g e r  M-0 bond. Of c o u rse , complexes o f  eq u a l charge should 
be compared. The com parison i s  expected  to  be f a i r l y  good fo r  weak 
vf-bonders. Gi8-Pt(NH2)2(H20)2^* i s  a weaker a c id  (pKa^ = 5 .6 )  th a n  th e  
t r a n s  isom er (pK^, = 4 .3 ) ,  which ag re es  w ith  th e  g re a te r  t r a n s  e f f e c t  
o f  Niy r e l a t i v e  to  H2 0 ^^ .
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The p resen ce  o f  a fT -a c tiv a to r causes c o m p lic a tio n s , which do no t 
f i t  in to  a sim ple ground s t a t e  bond weakening d is c u s s io n . A lthough 
^2^4 ™ich h ig h e r i n  th e  t r a n s  e f f e c t  s e r ie s  th an  C l" , th e  bond 
weakening e f f e c t  i s  in  th e  o p p o s ite  d i r e c t io n  a s  in d ic a te d  by a c id  
s t r e n g th s .  T ran s-P t(C 2 H^)(H2 0 )C l2  (pK ^  5) i s  a s tro n g e r  a c id  th an  
cis-P t(N H 2 )(H2 0 )C l2  and , as  such , CpH^ would be s a id  to  have a  weaker 
t r a n s  e f f e c t  th an  c h lo ro . However, th e  re d u c tio n  o f - / t -d e n s i ty  on P t ( l l )  
by a  s tro n g  TT-acceptor such a s  C2 H, i s  expected  to  d ec rea se  th e  e l e c t r o ­
s t a t i c  p ro to n  a t t r a c t i o n  in c re a s in g  th e  acid i_ ty .
X -ray  a n a ly s is  s tu d ie s  were no t un d ertak en  in  t h i s  work, b u t th e
50re c e n t  work o f  Skapski and Troughton i s  noteivorthy . T h e ir  s tudy  
in v o lv ed  one o f  th e  f i r s t  examples o f  a t r a n s i t i o n  m eta l a lk y l  in  th e  
p re sen ce  o f  lo w -f i  e ld  l ig a n d s  w ith  no f i-accep t o r p r o p e r t ie s .  R hEt(N H ^)^^ 
was i s o la t e d  by W ilkinson and cow orkers^^, who dem onstrated  s tro n g  
e th y l  t r a n s  a c t iv a t io n  in  s o lu t io n  a s  ex p ec ted . The x - r a y  s tu d y  showed 
th e  c is  Rh-N bond le n g th s  to  be 2 .072 A, which i s  c lo se  to  th e  sum o f  
th e  co v a len t r a d i i ,  2 .06  A, However, th e  t r a n s  Rh-N bond le n g th  o f  
2 .256  A i s  one o f  th e  l a r g e s t  cases  o f  r e l a t i v e  le n g th e n in g  observed  
fo r  an o c ta h e d ra l d^ complex.
A lthough th e  e n te r in g  group in  a c id  h y d ro ly s is  s tu d ie s  i s  common 
and in  la rg e  e x c e ss , namely th e  s o lv e n t ,  and th e r e f o r e ,  does n o t p ro v id e  
d i r e c t  m ech an is tic  in fo rm a tio n , th e  le a v in g  group can be v a r ie d .  By 
keep ing  th e  t r a n s  a c t iv a to r  c o n s ta n t ,  th e  a c id  h y d ro ly s is  r a t e s  a re  a 
m easure o f  th e  le a v in g  group e f f e c t .  I t  i s  expected  t h a t  an in v e rs e  
r e la t io n s h ip  between bond s tre n g th s  and th e  r a t e s  o f  a c id  h y d ro ly s is  
i s  an in d ic a t io n  o f  bond b reak in g  in  th e  a c t iv a te d  complex.
T h is  work i s  concerned w ith  ha lo  l ig a n d s  bo th  a s  t r a n s  a c t iv a to r s
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and a s  le a v in g  g ro u p s. The r e l a t i v e  bond s tre n g th s  o f  th e  ha lo  le a v in g
52groups should  f a l l  i n  a  c la s s  (a )  o r  a  c la s s  (b ) o rd e r  depending on
53th e  p o l a r i z a b i l i t y  o f  th e  c e n t r a l  m eta l io n  o r th e  s u b s t r a te .  O ften  
th e  p o l a r i z a b i l i t y  o f  th e  s u b s tr a te  i s  s tro n g ly  in f lu e n c e d  by th e  o th e r  
l ig a n d s  p re s e n t .  For c la s s  (a )  m e ta ls  th e  halo  s t a b i l i t y  o rd e r i s  F“ > 
C l~ > B r~ > l” , w h ile  th e  c la s s  (b ) o rd e r  i s  j u s t  th e  r e v e r s e .  T h is  i s  
th e  r e s u l t  o f  th e  g e n e ra l iz a t io n  th a t  hard  a c id s  p re fe r  to  a s s o c ia te  
w ith  hard  b a se s , and s o f t  a c id s  p r e f e r  s o f t  b a se s , P o la r i z a b i l i t y  i s  
a convenien t p ro p e r ty  on which to  base  such a  g e n e r a l iz a t io n ,  s in ce  
o th e r  p r o p e r t ie s  such as  io n iz a t io n  p o te n t i a l ,  e le c t r o n e g a t iv i ty ,  and 
u n s a tu ra t io n  can be r e l a t e d  to  i t .  Of c o u rse , p o l a r i z a b i l i t y  i s  o n ly  
one f a c to r  among many w hich determ ine s t a b i l i t y ,  such a s  c h e la t io n ,  
s t e r i c ,  and resonance  e f f e c t s .
The use  o f  a p o la r  so lv en t poses t h i s  ty p e  o f  problem  in  d e te r ­
m ining th e  r e l a t i v e  h a lo  s t a b i l i t i e s  from a c t iv a t io n  e n th a lp ie s .  Poe 
and Vaidya^^ have p re se n te d  h e a t o f  h a lo  s u b s t i tu t io n  d a ta  t h a t  show 
t h a t  even fo r  c la s s  (b ) m e ta ls  th e  bond s tre n g th  o rd e r i s  Cl~> Br~ >
I “ . They ex p la in  th e  d if fe re n c e  in  c la s s  (b ) beh av io r a s  a  narrow ing 
o f  th e  c la s s  (a )  bond s tre n g th  d if f e r e n c e s  r a th e r  th an  a  r e v e r s a l .
The ap p aren t r e v e r s a l  i s  a t t r i b u t e d  to  f a c to r s  which c o n tr ib u te  to  th e  
o v e r a l l  r e a c t io n  en th a lp y  change o th e r  th an  bond s t r e n g th ,  namely 
changes in the solvation enthalpies of the complex ions and of the 
h a lid e  io n s .  Of th e  two changes in  so lv a tio n  e n th a lp ie s ,  i t  i s  expected  
th a t  th e  l a t t e r  be more im p o r ta n t. A p o la r  so lv en t w i l l  more e f f e c t iv e ly  
so lv a te  an io n  w ith  a la r g e r  charge to  r a d iu s  r a t i o .  T h e re fo re , even 
though th e  ch lo ro  bond s tre n g th  i s  g r e a te r  th an  th e  io d o , th e  h y d ra tio n  
en th a lp y  can g ive  an ap p aren t r e v e r s a l  o f  o rd e r ,  when th e  r e l a t i v e
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d if f e r e n c e s  in  bond s tre n g th  a re  sm a lle r th a n  th e  r e l a t i v e  d if f e r e n c e s  
in  s o lv a t io n . By s e p a ra tin g  th e  s o lv a t io n  e f f e c t s ,  Poe and Vaidya 
showed th a t  th e  bond s tre n g th  o rd e r i s  alw ays Gl“ > Br" > I "  i r r e s p e c t iv e  
o f  th e  s t a b i l i t y  co n s ta n t o rd e r ,  and t h e i r  co n clu sio n  i s  supported  by 
Raman sp e c tra  fo rc e  -co n s tan ts .
B o tt and Poe^^ dem onstrated  t h a t  th e  R h(en)2 X^^ s u b s tr a te  i s  on 
th e  b o rd e r l in e  between c la s s  (a )  and c la s s  (b ) .  A llow ing fo r  s t a t i s t i c a l  
e f f e c t s  th e  e q u ilib r iu m  c o n s ta n ts  a t  8 5 °  C fo r  th e  f i r s t  and second 
bromo s u b s t i tu t io n  on th e  t r a n s -d ic h lo ro  complex (Kq’ = 0 . 9  -  0 . 1 ;
Kq* = 1 . 6  t  0 . 2 ) in d ic a te  t h a t  th e  f i r s t  s u b s t i tu t io n  i s  b o rd e r l in e ,  
w h ile  th e  second i s  s l i g h t l y  c la s s  (b ) .
B ounsa ll and Poe4^ have done tem p e ra tu re  dependent s tu d ie s  o f  th e  
r e l a t i v e  s t a b i l i t i e s  o f  th e  ha lo  complexes o f  b is (e th y le n e d ia m in e )-  
rh o d iu m (lI I ) .  From th e  r e l a t i v e  e n th a lp ie s  o f  bonding o f  th e  d ih a lo  
complexes in  aqueous s o lu t io n  th e  s t a b i l i t y  o rd e r was t r a n s - I g  > I B r >
I C I > Br2 > B rC l> CI2 . The en th a lp y  change fo r  com plete ch lo ro  s u b s t i t u ­
t i o n  by bromo i s  0  i  1  k c a l mole”^ ,  and fo r  com plete bromo s u b s t i tu t io n  
by iodo i s  - 6 . 0  Î  0 . 5  k c a l m ole"^, which in d ic a te s  b o rd e r lin e  b eh av io r 
fo r  th e  form er and c la s s  (b ) beh av io r fo r  th e  l a t t e r  e q u ilib r iu m .
B ounsa ll and Poe^® a lso  showed th e  in c re a s e  in  c la s s  (b ) c h a ra c te r  
o f  th e  R h(en)2 X^‘*’ s u b s tr a te  as  X changes, from ch lo ro  to  bromo to  io d o , 
th ro u g h  th e  u se  o f  a l in e a r  en th a lp y  r e l a t i o n  u s in g  e n th a lp ie s  c o rre c te d  
fo r  s o lv a t io n ,  w ith  H° fo r  tra n s -R h (e n ) 2 l 2 * tak en  as  z e ro . By r e l a t i n g  
th e  e n th a lp ie s  o f  tra n s -R h (e n ) 2 XY* to  tra n s -R h (e n ) 2 GlY*, th e  s lo p es  
fo r  X i s  C l, H r, and I  were 1 .0 ,  0 .8 5 , and 0 .65  (F ig . 2 ) .  T h is  i s  a 
q u a n t i ta t iv e  m easure o f  th e  d ecrease  in  r e l a t i v e  ha lo  bond s tre n g th s  
as  X i s  changed a long  th e  h a lo  s e r i e s ,  and shows th e  in c re a s e  o f  c la s s
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Y=C1 Br
X=I
Br
-30
-30 -10-20
-1H °(trans-R hen 2 ClY*), k c a l mole
F ig u re  2 . L inear en th a lp y  r e la t io n s h ip s  fo r  trans-Rh(en)gX Y '' 
i n  aqueous s o lu tio n
(b )  c h a r a c te r .  I t  i s  in t e r e s t i n g  to  n o te  t h a t  t h i s  r e s u l t  i s  n o t a p p a re n t, 
as  e x p la in ed , from th e  c o rre c te d  en th a lp y  o rd e r ,  which i s  com ple te ly  
re v e rse d  fo r  th e  c la s s  (b ) h a lo  o rd e r .
Of c o u rse , th e  narrow ing o f  th e  halo  en th a lp y  d if f e r e n c e s  i s  ex­
p ec ted  to  be i n t e n s i f i e d  by th e  t r a n s  e f f e c t .  The t r a n s  d e s ta b l iz a t io n  
o f  mixed complexes r e s u l t s  in  hi.gher e n th a lp ie s  th a n  p re d ic te d  from an 
average  o f  th e  a p p ro p r ia te  unmixed o n es . I t  has long  been reco g n ized  
fo r  th e  P t ( I I )  t r a n s  e f f e c t  t h a t  th e  r e l a t i v e  m agnitude o f  t r a n s  a c t i ­
v a tio n  i s  d ec reased  by weaker bonds. T h is  means th a t  th e  r e l a t i v e  
t r a n s  a c t iv a t io n  i s  g r e a te s t  fo r  th e  s tro n g e s t  bond, namely ch lo ro  in  
t h i s  s e r i e s .  T h e re fo re , d e s ta b l iz a t io n  by t h i s  e f f e c t  a c ts  in  th e  same 
d i r e c t io n  a s  th e  d ecrease  o f  c la s s  (b ) c h a ra c te r  o r th e  in c re a s e  in  
hardness o f  th e  complex.
The same ty p e  o f  d is c u s s io n  can be a p p lie d  to  k in e t ic  a c t i v a t io n .
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when ground s t a t e  d e s ta b l iz a t io n  i s  more im p o rtan t th an  a c t iv a te d  
complex s t a b l i z a t i o n .  In  th e  absence o f  'T f-effec ts , i t  i s  expected  th a t  
th e  ground s t a t e  e f f e c t  i s  more im p o r ta n t, s in ce  s tro n g e r  bonds a re  
in v o lv ed  th an  in  th e  t r a n s i t i o n  s t a t e .  B o tt ,  B o u n sa ll, and Poe^^ d i s ­
cu ss  t h i s  w ith  r e s p e c t  to  th e  r e s u l t s  o f  th e  k in e t ic  s tu d ie s  o f  some 
t r a n s - d ih a lo b i s ( e t h y len ed iam in e )rh o d iu m (lII) com plexes. The a c t iv a t io n
e n th a lp ie s  f o r  t r a n s - IX , where X i s  C l, B r, and I ,  a re  2 1 ,1 , 2 3 ,1 ,
-1and 2 5 , 3  k c a l mole , in d ic a t in g  th e  in c re a s in g  in e r tn e s s  w ith  th e  
in c re a s in g  p o l a r i z a b i l i t y  o f  th e  le a v in g  group . T h is  was c a l le d  k in e t ic  
c la s s  (b ) beh av io r by analogy  to  th e  thermodynamic c l a s s i f i c a t i o n .
These r e s u l t s  d id  no t show th a t  th e  r e l a t i v e  t r a n s  e f f e c t s  depended 
on w hether th e  le a v in g  halo  group was ch lo ro  o r bromo. There i s  a 
d if f e re n c e  o f  2 ,1  k c a l mole"^ between tra n s - io d o  and bromo fo r  e i th e r  
le a v in g  group.
However, i t  i s  expected  th a t  th e  r e l a t i v e  t r a n s  e f f e c t  i s  de­
pendent on th e  le a v in g  group . G rea te r d if f e r e n c e s  a re  p re d ic te d  fo r  
s tro n g e r  bonds o f  th e  t r a n s  le a v in g  group . T h is  r e s u l t  was o b ta in ed
Ç7
by B ott and Poe from th e  r e s u l t s  o f  th e  a n a tio n  re a c t io n s  o f  some 
tra n s -h a lo a q u o b is (e th y le n e d ia m in e )rh o d iu ra ( lI l)  com plexes, A comparison 
o f  th e  a c t iv a t io n  en th a lp y  d a ta  fo r  th e  a n a tio n  re a c t io n s  w ith  th e  
a c id  h y d ro ly s is  d a ta  g iv e s  l a r g e r  r e l a t i v e  t r a n s  e f f e c t s  fo r  an aquo 
than fo r  a h a lo  le a v in g  group. Bauer and Basolo^^ a ls o  found t h i s  fo r  
th e  a c id  h y d ro ly s is  o f  some d ih a lo b is (e th y le n e d ia m in e ) ir id iu m ( l l l ) 
com plexes. The t r a n s  e f f e c t s  o f  bromo and iodo  d i f f e r e d  by 1 ,8  k c a l 
mole“^ vd.th a ch lo ro  le a v in g  group , bu t o n ly  by 0 .1  k c a l  mole”^ vd.th a 
bromo le a v in g  g roup .
In  summary, th e  t r a n s  a c t iv a t io n  tr e n d s  can be r e l a t e d  to  m utual
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t r a n s  d e s ta b l iz a t io n  e f f e c t s .  The observed  r e s u l t s  in d ic a te  t h a t  s o f te r  
l ig a n d s  a re  more e f f e c t iv e  t r a n s  d e s ta b l i z e r s ,  b u t in  t u r n ,  a re  th e  
l e a s t  s u s c e p tib le  to  t r a n s  d e s ta b l iz a t io n .
3 . Mechanism o f  O c tah ed ra l S u b s t i tu t io n
The a n a tio n  s tu d ie s  p ro v id e  more d i r e c t  evidence fo r  th e  mechanism 
o f  s u b s t i tu t io n  r e a c t io n s  th an  th e  a c id  h y d ro ly s is  s tu d ie s ,  s in ce  th e  
l a t t e r  a re  p s e u d o - f i r s t  o rd e r .  B o tt and Poe^? found t h a t  th e  r e l a t i v e  
n u c le o p h i l ic  c h a ra c te r  o f  th e  h a l id e s  tow ards th e  tra n s -R h (e n ) 2 L(H2 0 )^^ 
complexes shows a  sm a ll, bu t d e f in i t e  t r e n d  in  th e  o rd e r I~  > B r" > Cl~ 
on th e  b a s is  o f  th e  a c t iv a t io n  e n th a lp ie s .  However, t h i s  e f f e c t  co u ld  
be ex p la in ed  in  te rm s o f  io n  p a i r in g ,  s in c e  io d id e  forms io n  p a i r s  iv ith  
s l i g h t l y  more fa v o ra b le  e n th a lp ie s  th a n  c h lo r id e . T h is  does n o t c le a r  up 
th e  am bigu ity  and th e  r e s u l t s  o f  th e  s tu d ie s  o f  R h ( l l l )  complexes made 
so f a r  do n o t ,  u n fo r tu n a te ly ,  a llow  an unambiguous assignm ent o f  th e  
mechanism.
The i n s e n s i t i v i t y  o f  th e  a c id  h y d ro ly s is  r a t e s  o f  R h ( l l l )  to  
charge on th e  complex has been o f f e re d  as  evidence fo r  bond malcing in  
th e  a c t iv a te d  complex. Basolo and coworkers^^ showed th a t  th e  r a t e s  o f  
a c id  h y d ro ly s is  o f  Rh(NHc)cCl^'^ (4 .3  X 10"^ s e c '^ ) ,  trans-RhfNH^Ï^Glg'* 
(4 .7  X 10"^ sec ”^ ) ,  and Rh(GgO^)zC l2 ^" (1 .6  X 10"^ sec”^ )  a t  8CP G 
a re  v e ry  n e a r ly  th e  same. S ince  a s s is ta n c e  by w ater i s  expected  to  
have a l e s s e r  e f f e c t  on r a t e s  th a n  a  p r im a r i ly  d is s o c ia t iv e  mechanism, 
such as fo r  C o ( l l l ) ,  wliich has a la rg e  degree o f  charge dependence, 
th e  d a ta  was in te rp re te d  a s  ev idence fo r  bond making i n  th e  t r a n s i t i o n  
s t a t e .  I t  was argued t h a t  d is s o c ia t io n  in v o lv e s  charge s e p a ra t io n , 
w h ile  d isp lacem ent in v o lv e s  charge s e p a ra tio n  and n e u t r a l i z a t io n .
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T h e re fo re , a  d is s o c ia t iv e  mechanism i s  expec ted  to  be more charge 
dependen t. However, t h i s  ty p e  o f  com parison assumes th a t  th e re  a re  
sm all k in e t ic  c i s  and t r a n s  e f f e c t s ,  s in c e  th e  n o n re a c tiv e  l ig a n d s  
a re  d i f f e r e n t  in  th e  complexes o f  d i f f e r e n t  ch arg e . The p resen ce  o f  
la rg e  t r a n s  e f f e c t s  fo r  R h ( l l l ) ^ ^  has been dem onstra ted . In  a d d i t io n ,  
th e  a c id  h y d ro ly s is  rates^"^ o f  Rh(NHo (2 X 10"^ sec”^ )  and
R h(en)2 l 2 ^ (1 .3  X 10~^ sec~^) a t  50° C, and those^® o f  R h(en)2 Cl2 *
(1 .4  X 1 0 '^  sec”^) and RhCl^^” (5 .2  X 10“^ sec~^) show t h a t  th e  r e ­
s u l t s  o b ta in ed  by Basolo are  due to  th e  p a r t i c u l a r  cho ice  o f  exam ples, 
which may be s u b je c t to  com pensating c i s  and t r a n s  e f f e c t s .
The base  h y d ro ly s is  r e a c t io n  can ta k e  p lace  in  two w ays. F i r s t ,  
th e r e  i s  th e  a n a tio n  re a c t io n  w ith  hydroxide a c tin g  th e  same as  any 
o th e r  n u c le o p h i le , subsequent to  th e  r a t e  d e term in ing  a c id  h y d ro ly s is  
s te p .  Basolo and cow orkers^^ showed th a t  t h i s  occu rs  fo r  s e v e ra l  amine 
complexes o f  R h ( l l l )  o f  th e  ty p e  trans-RhAj^Cl2 '*‘, f o r  which th e  r a t e s  
o f  h y d ro ly s is  a re  th e  same a t  pH 1 and 13. However, th e  h y d ro ly s is  
r a t e s  o f  Rh(NH^)^Cl^*, c is -R h (e n ) 2 Cl2 ^ , and c is - R h ( tr ie n )C l 2 * in c re a s e  
vd-th in c re a s in g  pH. M oreover, kgy/ky^Q < 10 fo r  th e  t r a n s  com plexes, 
b u t i s  ^ 2  X 10^ fo r  c is -R h (e n ) 2 C l2 ^ and '-'10^ fo r  c is - R h ( t r ie n )C l 2 ^ . 
These r e s u l t s  can be ex p la in ed  in  te rm s o f  a second mechanism, th e  
SNICB ( s u b s t i tu t io n ,  n u c le o p h i l ic ,  u n im o le c u la r , co n ju g ate  b ase ) mech­
anism , which in v o lv e s  th e  r a p id  d ep ro to n a tio n  o f  a n o n re a c tiv e  am ine, 
changing a poor c is  and t r a n s  a c t i v a to r ,  th e  amine group, i n to  an 
e x c e l le n t  a c t i v a to r ,  th e  amido group . For C o ( l l l )  th e  amido group i s
c 2+59
a rem arkable  a c t iv a to r  g iv in g  kgy/k^^Q from 5 X 10^ fo r  Co(NH^)^Cl 
to  1 .3  X 1q9 fo r  c is - C o ( tr ie n )C l 2 ^^^. I t  i s  ap p aren t t h a t  th e  "/f-donor 
a c t iv a t io n  found fo r  th e  amido group in  C o ( lI I )  r e a c t io n s  i s  no t
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n e a r ly  a s  im p o rtan t fo r  R h ( l l l ) ,  s in c e  th e  c i s  e f f e c t  i s  v e ry  sm a ll. 
However, th e r e  i s  a la rg e  t r a n s  e f f e c t ,  which in d ic a te s  th e  in c re a se d  
im portance o f  th e  < r-in d u ctiv e  e f f e c t  in  R h ( l l l )  r e a c t io n s .  Another 
in t e r e s t i n g  i l l u s t r a t i o n  o f  th e  g re a te r  amido t r a n s  e f f e c t  r e l a t i v e  to  
c i s  f o r  R h (T Il)  i s  th e  complex R h (tre n )C l2 *
NH
Cl■Rh
nh;
Cl
Only one ch lo ro  l ig a n d  i s  s u s c e p tib le  to  b ase  h y d ro ly s is^ ^ .
A nother e x p lan a tio n  fo r  th e  g re a te r  a c t iv a t io n  by a t r a n s  amido 
group i s  th e  g re a te r  a c id i ty  o f  an amine t r a n s  th an  c i s .  The n .m .r .  
chem ical s h i f t s  o f  th e  N-H p ro to n s  in  show th a t  th e y  a re
100 tim es  more a c id ic  t r a n s  to  X (h a lo , ca rb o x y la to ) th a n  c is ^ ^ .
There i s  no n e c e s s i ty  fo r  th e  base  h y d ro ly s is  mechanism to  be 
SNICB fo r  R h ( l l l ) ,  s in c e  so lv en t a s s is ta n c e  p ro b ab ly  p la y s  more o r l e s s  
th e  same r o le  as  in  th e  a c id  h y d ro ly s is  mechanism. The mechanism could  
be SN2CB o r more l i k e l y ,  some mechanism between th e  two ex trem es. 
Unambiguous ev idence in  t h i s  r e s p e c t  i s ,  a s  y e t ,  u n a v a ila b le .
On th e  o th e r  hand, th e  m ajor d if f e r e n c e  between a c id  h y d ro ly s is  
and base  h y d ro ly s is  i s  t h a t  o n ly  hydroxide shows second o rd e r k in e t ic s  
in  aqueous s o lu t io n ,  and t h i s  b ehav io r i s  b e s t  ex p la in ed  by a co n ju g ate  
base  mechanism, A sim ple SN2 mechanism cannot account fo r  t h i s  unique
b e h a v io r , s in c e  o th e r  s tro n g  n u c le o p h ile s  such as  N^” and NCS do no t
6 3show s im ila r  b eh av io r . In  a d d i t io n ,  th e r e  i s  conv incing  evidence foi 
th e  co n ju g ate  base mechanism fo r  C o ( I I l ) .  F i r s t ,  complexes w ith o u t
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a c id ic  p ro to n s  cannot form th e  re q u ire d  con jugate  b a se , and should  no t
r e a c t  r a p id ly  w ith  h y d ro x id e . T h is  was found fo r  th e  h y d ro ly s is  r a t e s
o f  Co(GN)^Br^ and CofCN)^!^ , which a re  independent o f  pH i n  b a s ic  
media^'^. A nother example o f  complex, n o t n e g a tiv e ly  charg ed , i s  t r a n s -
C o(dipy)2(0A c)2^ which has th e  same r a t e s  a t  pH 11-12 a s  a t  pH 6 -8^^ .
T here a re  more exam ples, to o  numerous to  m ention h e re , and th e  one o r
two examples o f  r a t e  in c re a s e  in  base w ith o u t a c id ic  p ro to n s  a re  s p e c ia l
65c a s e s , such a s  c h e la te  e f f e c t s  .
Secondly , th e  co n ju g ate  base  in te rm e d ia te  should r e a c t  w ith  o th e r  
n u c le o p h ile s  in  nonaqueous m edia, Asking hydroxide a  c a t a ly s t .  Pearson^^ 
and cow orkers observed  t h i s  c a t a ly t i c  b eh av io r in  d ry  DMSO. The s u b s t i ­
tu t io n  o f  c h lo r id e  in  trans-G o(en)2N 0G l^ by n i t r i t e  i s  slow in  d ry  MSO, 
and independen t o f  n i t r i t e  c o n c e n tra tio n . Hydroxide io n  equal to  10^ 
o f  th e  complex io n  c o n c e n tra tio n  red u ces  th e  h a l f - l i f e  from 5-6 hours 
to  ~ 2  m in u te s , y ie ld in g  th e  t r a n s  d in i t r o  p ro d u c t r a th e r  th an  th e  
n itro h y d ro x o . T h is  cannot in v o lv e  ra p id  n i t r o  s u b s t i tu t io n  o f  an i n t e r ­
m ed ia te  hydroxo complex, s in c e  t h i s  r e a c t io n  i s  to o  slow . In  a d d i t io n ,  
o th e r  b a se s , such a s  p ip e r id in e ,  a c t  a s  c a t a ly s t s ,  and th e  r a t e s  a re  
independent o f  n u c le o p h i lic  c h a r a c te r ,  b e in g  th e  same fo r  K02~, NCS", 
and .
More ev idence fo r  th e  co n ju g a te  base  mechanism i s  th e  s e n s i t i v i t y  
o f  the rates to th e  nature of th e  amido group. A secondary amido group 
i s  a  much b e t t e r  a c t iv a to r  th a n  a p rim ary  amido group . D irec t n u c leo ­
p h i l i c  a t ta c k  by hydroxide would show th e  o p p o s ite  beh av io r due to  th e
in c re a s e d  s t e r i c  h ind rance  o f  a secondary amido group . Boon and Tobe^
found h^y/kp^^Q = 6 X lO ^ ^ l. mole ^ fo r  tran s-C o  (cyclam )C l2 ^ and 9 X 10*^
1 . mole"^ fo r  C o(en)2 Cl2  a t  25°.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
33
A lthough th e r e  i s ,  a s  y e t ,  o n ly  a sm all amount o f  d a ta  fo r  R h ( l l l )  
base  h y d ro ly s is ,  i t  i s  ev id en t t h a t  th e  r a t e s  in c re a s e  s ig n i f i c a n t ly  
o n ly  fo r  a t r a n s  amine group, on th e  b a s is  o f  th e  data  a lre a d y  g iv en . 
T h is  d if f e r e n c e  i s  more c o n s is te n t  w ith  a s tro n g  a c t iv a to r  such a s  
amido, which i s  expected  to  g iv e  la rg e  c i s  and t r a n s  d i f f e r e n c e s .  The 
d i r e c t  n u c le o p h i l ic  a t ta c k  by hydroxide in v o lv e s  amine a s  th e  a c t iv a t in g  
g roup , and th e re fo re ,  i s  n o t expected  to  g iv e  la rg e  d i f f e r e n c e s ,  s in ce  
amines show sm all c i s  and t r a n s  d if f e r e n c e s  (see  F ig . 2 ) .  In  a d d it io n  
amine a c t iv a t io n  o f  le a v in g  groups i s  v e ry  weak bo th  a s  a c i s  and a s  a 
t r a n s  e f f e c t .
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I I .  PREPARATION OF SOME DIAGIDOGYCIAMRHODIUMdll ) COMPLEXES
1 . E xperim ental
RhCl2 ' 3 H2 0  ( j .  Bishop and Co. P la tin u m  Works) was u sed  w ith o u t 
f u r th e r  p u r i f i c a t io n  a s  a source o f  R h ( l l l )  fo r  th e  c i s  and t r a n s -  
d ic h lo ro  p re p a ra t io n s ,  which were th e  s t a r t i n g  m a te r ia ls  fo r  a l l  th e  
o th e r  p re p a ra t io n s .  99 .9  Mol % pu re  m ethanol and io n  exchanged d i s t i l l e d  
w a ter were used  a s  s o lv e n ts .  Reagent g rade sodium s a l t s  were used as  
a  source o f  th e  an io n s  fo r  s u b s t i tu t io n  and p r e c ip i t a t io n .
The e le c t r o n ic  sp e c tra  were reco rd ed  on a  Bausch and Lomb S p e c t-  
ro n ic  5 0 5 , u s in g  w ater a s  th e  so lv e n t fo r  a l l  samples excep t th o se  w ith  
a  hydroxo l ig a n d , fo r  which 0 .1  M NaOH was used ; th e  in f r a r e d  sp e c tra  
were reco rd ed  on a  Beckman IR 10 u s in g  1 .0 ^  KBr p e l l e t s ;  and th e  ORD 
s p e c tra  were reco rd ed  on a  Cary 60 sp e c ro p o la r im e te r , th ro u g h  th e  cour­
t e s y  o f  Dr, K irsch n er (Wayne S ta te  U n iv e r s i ty ) .  The a n a ly se s  were 
o b ta in e d  from Midwest and Spang M ic ro a n a ly tic a l L a b o ra to r ie s .
2 . S u ccess fu l P re p a ra tio n s
The la r g e r  number o f  d i f f e r e n t  d ia c id o  and mixed d iacidocyclam - 
rh o d iu m ( ll l)  complexes compared to  th e  b is (e th y le n e d ia m in e )  analo g s  
b roadens th e  scope fo r  k in e t ic  and t r a n s  e f f e c t  s tu d ie s .  I n  a d d i t io n , 
c i s  and trans-R h(cyclam )C l2 '*' a re  e a s ie r  to  s e p a ra te ,  and th e  f a s t e r  
base  h y d ro ly s is  r a t e s  coupled w ith  th e  ease  o f  hydroxo complex i s o l a t i o n  
p ro v id e  an e x c e lle n t  pathway fo r  th e  o th e rw ise  d i f f i c u l t  and tim e - 
consuming p re p a ra t io n s .  The t o t a l  r e te n t io n  o f  c o n f ig u ra tio n  du rin g  a l l  
th e  s u b s t i tu t io n  re a c t io n s  o f  th e  eyelam complexes made th e  s e p a ra tio n  
o f  th e  s te reo iso m e rs  unnecessa ry  a f t e r  th e  i n i t i a l  d ic h lo ro  s e p a ra t io n , 
s in c e  th e  d ic h lo ro  complex was th e  s t a r t i n g  m a te r ia l  fo r  a l l  th e  o th e r  
p re p a ra t io n s .  The o n ly  ex cep tio n  to  t h i s  was th e  c is - d i io d o  p re p a ra t io n .
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s in c e  a slow iso m e ria z tio n  was ob serv ed . l im i t in g  th e  r e f lu x  tim e  
o f  th e  c is - d ic h lo r o  complex in  io d id e  s o lu tio n  m inim ized th e  problem , 
and th e  pure  c is - d i io d o  complex cou ld  be p rep a red .
The p re p a ra t io n  o f  eyelam was c a r r ie d  ou t a cco rd in g  to  th e  method 
o f  Tobe^ w ith  two m o d if ic a tio n s  which s im p lif ie d  th e  p rocedure  and 
improved th e  y ie ld  from 2 .5  to  3 .5  g. The cyclam product was p r e c i -
2 NH2(CH2)2MH2 Er(CH2)^Br NH2(CH2)2MH(CH2)^NH(CH2)2kH2
EtOH (h ig h  d i lu t io n )
------------------------------------> cyclam
Br^CHgj^Br
p i t a t e d  d i r e c t l y  from th e  r e a c t io n  s o lu t io n ,  a f te r  most o f  th e  e th an o l
was removed by d i s t i l l a t i o n ,  r a th e r  th a n  b e in g  sublim ed a long  i-dth an
added amount o f  1 , 9 -d iam in o -3 , 7 -d iazan o n an e . I t  was found th a t  a b so lu te
e th an o l was b e s t  fo r  th e  p r e c ip i t a t i o n ,  s in c e  th e  p resen ce  o f  w ater
p rev en ted  th e  p r e c ip i t a t io n .  However, th e  w ater could  be removed by
e v ap o ra tio n  fo llow ed  by th e  a d d it io n  o f  a b so lu te  e th a n o l . Secondly ,
th e  crude p roduct was p u r i f ie d  by vacuum su b lim a tio n  r a th e r  th an
r e c r y s t a l l i z a t i o n  from d ioxane, which improved th e  y ie ld ,  s in ce  th e
67su b lim a tio n  was more e f f i c i e n t .  The method o f  S t e t t e r  and Mayer i s  
more e le g a n t ,  b u t was n o t used  because o f  i t s  le n g th  and s im ila r  y ie ld .  
However, th e  m .p. o f  186° (s e a le d  tu b e )  was c lo s e r  to  t h a t  re p o r te d  by 
S t e t t e r  and Mayer (185°) th a n  th a t  by Tobe (1 7 3 °) . R e c r y s ta l l iz a t io n  
from dioxane was a lso  u sed  by S t e t t e r  and Mayer fo r  p u r i f i c a t io n .
Cyclam was observed  to  be v e ry  s ta b le  in  a i r .  I t  was q u ite  so lu b le  
i n  ^\'ater in  c o n tra d ic t io n  to  th e  o b se rv a tio n  o f  S t e t t e r  and Mayer. 
However, th e  in f r a r e d  spectrum  corresponded  e x a c tly  w ith  t h e i r  spectrum . 
The p re p a ra t io n  o f th e  1 ,5 ,9 ,1 3 -te tra a z a c y c lo h e x a d e c a n e  analog  o f
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cyclam was a tte m p ted , s in ce  i t  i s  a  more symmetric r in g  w ith  fo u r 
p ropy lene  l in k a g e s .  W hile a crude p roduct was i s o l a t e d ,  i t  was no t 
s ta b le  i n  a i r ,  tu rn in g  brown, and i t  was q u i te  v is c o u s . A pparen tly  th e  
s t a b i l i t y  and h igh  m .p. o f  cyclam a re  n o t shared  by t h i s  a n a lo g . O ther 
c lo se  an a lo g s  a ls o  have low m e ltin g  p o in ts  ( 1 , 3 , 7 , 1 0 - te t r a a z a c y c lo -  
dodecane, 35°; 1 ,4 ,8 ,1 1 - te t r a a z a c y c lo t r id e c a n e ,  41°)^ '^. The r in g  
fo ld in g ,  which p e rm its  d iag o n a l in tra m o le c u la r  hydrogen bonding seems 
to  be p e c u l ia r  to  cyclam .
The p re p a ra t io n  o f  th e  d ic h lo ro  complex from RhOl^' 3 H2 O and cyclam 
in  w a te r gave a lm ost e n t i r e ly  th e  c i s  iso m er. On th e  o th e r  hand, i f  
th e  same p re p a ra t io n  was c a r r ie d  o u t in  m ethanol, th e  t r a n s  isom er 
predom inated {&JjL t r a n s ;  J>0^  c i s  i s o l a t e d ) .  A lthough th e  mechanism fo r
Rh0 1 q ' 3 H2 0  t  c y c l a m  i^â tê r > cis-Rh(cyclam )C lp'^
( rW ) "  ( ^ l lo w )  "
RhGl^'3H20 + cyclam •î^ 2^E>trans-Rh(cyclam)Cl2  ^ + cis-|ih(cyclam )Cl2 ]C li
( r e d )  (ye llow ) (yellow )
t h i s  d if f e r e n c e  i s  u n c e r ta in ,  i t  i s  l i k e l y  th a t  th e  two so lv e n ts  s ta b l iz e  
d i f f e r e n t  c o n f ig u ra tio n s  o f  th e  cyclam m olecu le , s in c e  d i f f e r e n t  
n i tro g e n  c o n f ig u ra tio n s  a re  p re se n t in  th e  c i s  and t r a n s  isom ers a s  
d e sc rib e d  in  th e  in tr o d u c t io n .  The s te reo iso m e rs  were v e ry  easy  to  
s e p a ra te ,  s in c e  th e  c i s  isom er p r e c ip i ta te d  from th e  r e a c t io n  s o lu tio n  
a s  th e  c h lo r id e  s a l t ,  w ith  no ev idence o f  any t r a n s  im p u r ity . A ll th e  
rem ain ing  c is  isom er was removed by adding la rg e  volumes o f  conc. HGl, 
which d id  no t p r e c ip i t a t e  th e  t r a n s  iso m er. A fte r  th e  m ethanol and HCl 
were removed by e v ap o ra tio n , th e  t r a n s  isom er re s id u e  could  be r e a d i ly  
p u r i f ie d  by r e c r y s t a l l i z a t i o n  from a HCl s o lu t io n .  The la rg e  d if f e r e n c e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
37
in  s o l u b i l i t i e s  o f  th e  two s te reo iso m e rs  was not found in  w a te r , and 
a s  such , th e  sm all amounts o f tra n s  in  th e  c is - d ic h lo ro  p ro d u c t, 
p rep a red  in  w ater, gave an im pure c i s  product r e l a t i v e  to  t h a t  p rep a red  
in  m ethanol. The p u r i ty  o f th e  isom ers was determ ined  s p e c tro m e tr ic a l ly .
Most o f  th e  c i s  and trans-R.h(cyclam)X2* complexes were p repared  
from th e  r e s p e c t iv e  c i s  o r  t r a n s - d ic h lo r o  complex by h e a tin g  a t  r e f lu x  
tem p e ra tu re  in  an aqueous s o lu t io n  of th e  d e s ire d  an ion  ( 0 . 1  -  1 . 0  H) 
fo r  v a r io u s  p e r io d s  o f  tim e from 3  hours to  3  days, depending on th e  
s o l u b i l i t i e s  o f th e  p ro d u c ts . T liis was p o s s ib le  s in ce  only th e  c i s -  
d iio d o  complex showed any tendency  to  iso m e riz e . However, even th e  c i s -  
d iio d o  complex cou ld  be p rep a red  by c a re fu lly  l im i t in g  th e  r e f lu x  p e r io d , 
as  m entioned. The c is  and t r a n s  d iis o th io c y a n a to  complexes cou ld  n o t be 
p rep a red  in  t h i s  way because o f  th e  weak c i s  and t r a n s  e f fe c ts  o f  th e  
iso th io c y a n a to  l ig a n d . The s u b s t i tu t io n  r e a c t io n  stopped  a f t e r  th e  
fo rm ation  o f  th e  c h lo ro iso th io c y a n a to  complex. However, th e  products 
could  r e a d i ly  be p rep ared  by a n a tin g  c i s  and trans-R h(cyclam )(O H ) ( H q O . 
The a n a tio n  r a t e s  a re  very  f a s t  r e la t iv e  to  th e  a c id  h y d ro ly s is  r a t e s  
in  1 .0  M s o lu tio n s  of th e  an io n .
The mixed d ia c id o  complexes o f  th e  ty p e  trans-Rh(cyclam)XY'*’, 
where X and Y a re  d i f f e r e n t  u n id e n ta te  l ig a n d s ,  were p rep ared  in  two 
ways depending on th e  n a tu re  o f  th e  p ro d u c t. I f  th e  t r a n s  e f f e c t  
d if f e r e n c e  o f  X was much g re a te r  th an  Y, trans-R h(cyclam )X 2 * cou ld  be 
s u b s t i tu te d  w ith  Y, and th e  k in e t ic  mixed p ro d u c t, which was d e s ir e d ,
e .g . trans-R h(cyclam )C l2* + SON" — > trans-Rh(cyclam)Gl(NCS)*
cou ld  be i s o l a t e d .  The fo llovring  trans-Rh(cyclam)XY* were p rep a red  by 
t h i s  method: C lI ,  0 1 (1 ^ ) , Cl(NCS), Br(N^), and l(N 2 ) .  The method was
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n o t p o s s ib le  when X and Y were c lo se  in  t h e i r  t r a n s  e f f e c t s ,  such a s  
ch lo ro  and bromo, s in ce  th e  s u b s t i tu t io n  d id  no t s to p  a t  th e  mixed 
p ro d u c t, b u t went to  th e  d i s u b s t i tu te d  p ro d u c t.
The second method was made p o s s ib le  by th e  u se  o f  th e  t r a n s -  
Rh(cyclam)X(OH)* com plexes. The cyclam complexes o f  R h ( l l l ) ,  r e l a t i v e  
t o  th e  b i s ( e thy lened iam ine) an a lo g s , were v e ry  s e n s i t iv e  to  base  hyd­
r o l y s i s ,  and gave com plete dihydroxo fo rm ation  in  l e s s  th an  one hour 
in  approx. 0 .1  M NaOH a t  r e f lu x  te m p e ra tu re , w ith  in d ic a t io n s  o f  th e  
u su a l second o rd e r r a t e  dependence. The r e l a t i v e l y  r a p id  fo rm ation  o f  
hydroxo complexes p rov ided  an e x c e lle n t  pathway fo r  th e  p re p a ra t io n  o f  
mixed d ia c id o  com plexes, which were n o t p o s s ib le  by th e  f i r s t  method, 
and was used  in  p re fe re n c e  to  th e  photochem ical method developed by 
B aso lo^^ , M oreover, th e  speed and p u r i ty  o f  th e  p ro d u c ts  made t h i s  a 
d e s ir a b le  method fo r  a l l  th e  p re p a ra t io n s  (se e  R evised P re p a ra t io n s ) .
By c a r e f u l ly  l im i t in g  th e  r e f lu x  p e rio d  o f  trans-R h(cyclam )X ^ in  
-^.1 M NaOH from 3 to  10 m in u tes , i t  was found th a t  th e  s o lu tio n  con­
ta in e d  o n ly  th e  mono and dihydroxo p ro d u c ts  w ith  no trans-R h(cyclara)X 2 '*' 
rem a in in g . The lo n g er r e f lu x  tim es  were n e ce ssa ry  fo r  th e  more in s o lu b le  
complexes such a s  d iio d o . The monohydroxo p roduct cou ld  be p r e c ip i ta te d  
in  v e ry  pure  form (- '5 0 ^ y ie ld s )  w ith  p e rc h lo ra te ,  s in ce  th e  dihydroxo 
complex was to o  so lu b le  to  be p r e c ip i ta te d  w ith  p e rc h lo ra te .
e .g .  tran s-R h (cy c lam )C l^  0 .1  M NaOH  ^ trans-[R h(cyclam )C l(O H )]ciO ^ 
(y e llo w ) CIO^ (p a le r  ye llow )
+ tra n s-R h (cy c lam )(0 H)2 * + 0 1 “
The p rocedure  was made p o s s ib le  by th e  r e l a t i v e l y  sm all hydroxo t r a n s  
e f f e c t .  The monohydroxo complex was a c id i f i e d  to  g iv e  th e  monbaquo.
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which was a ls o  p r e c ip i ta te d  w ith  p e rc h lo ra te ,  and which was r e a d i ly
e .g .  trans-Rh(cyclam )!(O H )* —----- » trans-R h(cyclam )l(H 20)^^
(o range) ( re d )
Cl" tran s-R h (cy c lam )lC l^  + H2 O 
(orange)
an a ted  w ith  s e v e ra l  d i f f e r e n t  anions to  g iv e  th e  d e s ir e d  mixed d iac id o  
com plexes. The a p p ro p r ia te  r e a c t io n s  were chosen a f t e r  p re lim in a ry  
c o n s id e ra tio n  o f  th e  r e l a t i v e  t r a n s  e f f e c t s  o f  th e  two lig a n d s  in  th e  
mixed complex. For exam ple, th e  a n a tio n  o f  th e  iodoaquo complex by 
c h lo r id e  was u sed  to  g ive  th e  ch lo ro io d o  p roduct r a th e r  th an  th e  a n a tio n  
o f  chloroaquo by io d id e .  T h is  was n e c e s sa ry , s in ce  even under th e  m ild  
re a c t io n  c o n d itio n s  used  fo r  a n a tio n , some d iio d o  fo rm ation  was ob­
served  i f  th e  l a t t e r  re a c tio n  pathway was a tte m p ted , due to  th e  g re a te r  
t r a n s  e f f e c t  o f  l “ r e l a t i v e  to  C l~. The fo llo w in g  trans-Rh(cyclam)XY"'’ 
complexes were p rep a red  by t h i s  m ethod; C lB r, O il ,  B rI , Br(NGS), l(N C S), 
and (N3 )(NCS).
The c i s  and tran s-R h (cy c lam ) ( OH)(H2 0 ) complexes were s p e c ia l
c a s e s . The base  h y d ro ly s is  r e a c t io n  was c a r r ie d  ou t to  com pletion by 
re f lu x in g  th e  c is - d ic h lo ro  complex fo r  5 m inutes i n  .2  M NaOH, and th e  
t r a n s - d ic h lo r o  complex fo r  60 m inutes i n  .$ M NaOH. NaC1 0 ^ 'H 2 0  was
R h(cyclam )Cl2 * ----- > Rh(cyclam)(OH)p* — r*
(y e llo w ) (v e ry  p a le  yellow ) ^
[Rh(cyclam)(0H)(H20)] (010^)2 
(very  p a le  yellow )
added and th e  s o lu t io n s  were n e u tr a l iz e d  v /ith  d i lu te  HCIO^ u n t i l  th e  
hydroxoaquo complex p r e c ip i t a t e d .  T h is  was made p o s s ib le  by th e  v e ry
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g re a t s o l u b i l i t y  o f  th e  dihydroxo and diaquo com plexes, n e i th e r  o f  which 
cou ld  be p r e c ip i ta te d  w ith  p e rc h lo ra te .  T h e re fo re , th e  hydroxoaquo 
p ro d u c t was f r e e  o f  any diaquo o r dihydroxo im p u r i t ie s .
Most o f  th e  complexes were i s o l a t e d  a s  th e  p e rc h lo ra te  s a l t s ,  
s in c e  f i r s t ,  th e  p e rc h lo ra to  l ig a n d  has a  v e ry  s l ig h t  tendency  to  serve  
a s  a donor i n  aqueous s o lu t io n ,  and th e r e f o r e ,  does n o t i n t e r f e r e  in  
th e  s u b s t i tu t io n  re a c tio n ^ ^ ; and second ly , th e  p e rc h lo ra te  io n  i s  la rg e  
enough to  a c t  a s  a good p r e c ip i ta t in g  a g e n t, vriiich i s  n e c e ssa ry  fo r  th e  
aquo and hydroxo p ro d u c ts , which a re  q u ite  so lu b le  in  aqueous s o lu t io n .  
On th e  o th e r  hand, th e  d ic h lo ro  complex was i s o la te d  a s  th e  c h lo r id e  
s a l t ,  s in c e  th e  c i s  and t r a n s  isom ers cou ld  be e a s i ly  s e p a ra te d  from 
th e  m ethanol r e a c t io n  medium. The dibromo and d iio d o  complexes were 
i s o la te d  a s  th e  bromide and io d id e  s a l t s  r e s p e c t iv e ly ,  because o f  t h e i r  
l im i te d  s o l u b i l i t i e s  in  th e  bromide and io d id e  re a c t io n  m edia.
The ex p erim en ta l p rocedu res and a n a ly se s  o f  th e  s u c c e ss fu l p re ­
p a ra t io n s  a re  p re se n te d , s t a r t i n g  w ith  th e  cyclam p re p a ra t io n , and th en  
g iv in g  th e  complex p re p a ra t io n s  in  s u f f i c i e n t  d e t a i l  to  f a c i l i t a t e  
r e p e t i t io n  o f  th e  ex p erim en ts . Each experim ent was perform ed a t  l e a s t  
tw ic e , and sometimes a s  many a s  te n  tim es to  in s u re  r e p r o d u c ib i l i ty  o f 
th e  r e s u l t s .  The a n a ly s is  a re  s in g le  d e te rm in a tio n s  on th e  b e s t  sample 
o b ta in e d  a s  in d ic a te d  by th e  s p e c t r a l  r a t i o s  o f  e x t in c t io n  c o e f f ic ie n t s .
1 .11-D iam ino-4 ,8 -d iazaundecane
( 2 0 2  g , 1 . 0 0  m ole, 1 0 2  m l) 1 , 3 -dibroraopropane was added dropw ise 
t o  (371 g , 5 m oles, 420 m l) 1 ,3 -d iam inopropane in  250 ml e th a n o l . The 
dropw ise ad d ito n  was n e c e s sa ry , s in ce  th e  r e a c t io n  was v e ry  exo therm ic . 
The yellow  s o lu tio n  was h ea ted  under r e f lu x  fo r  1 h o u r, (300 g , 5 .3  
m oles) KOH was added to  p r e c ip i t a t e  th e  brom ide. The KOH was added to
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th e  ho t s o lu t io n  and s t i r r e d  fo r  30 m in u tes . The KBr and excess KOH 
were removed by f i l t r a t i o n .  The e th a n o l (7 8 .5 °  C) and 1 ,3 -d iaz iûno- 
propane (135 .5° C) were removed by d i s t i l l a t i o n  a t  atm ospheric  p re s s u re . 
The 1,11-diam ino-4,8-diazaundecane was s e p a ra te d  by vacuum d i s t i l l a t i o n  
(120° C, 50 ]x Hg) as  a c le a r  l iq u id  (87 g , 90 m l, kS%). T h is  i s  th e  
in te rm e d ia te  fo r  th e  a ttem p ted  1 , 5 , 9 , 1 3 -te tra a za c y c lo h e x a d ec a n e  p re ­
p a ra t io n  .
1 ,4  » 8 ,1 1 -T e t ra a  zs c y c lo t e t rad e  cane (cyclam )
The open c h a in , l ,9 -d ia m in o -3 ,7 -d ia z a n o n a n e , was p rep a red  acco rd in g  
to  th e  method o f Van A lphen^^. (250 g , 1 .2  m oles, 126 m l) 1 ,3 -d ib rom o- 
propane was added dropw ise to  ( 3 6 0  g , 6 . 0  m oles, 4 0 0  ml) e th y le n e ­
d i  amine in  300 ml e th a n o l . The a d d it io n  was dropw ise because th e  
r e a c t io n  was v e ry  exo therm ic . The yellow  s o lu tio n  was h ea ted  under 
r e f lu x  fo r  one h o u r. (300 g , 5»3 m oles) KOH was added and th e  r e a c t io n  
m ix tu re  was s t i r r e d  fo r 30 m in u tes . The KBr and excess KOH were removed 
by f i l t r a t i o n .  The e th an o l (7 8 .5 °  C) and excess e t hylenediam ine ( l l 6 -  
117° C) were removed by d i s t i l l a t i o n .  The 1 , 9 -d iam ino -3 ,7 -d iazanonane  
(138° 0 , 4 mm Hg) was sep a ra te d  by d i s t i l l a t i o n  a s  a c le a r  v isco u s  
l iq u id  (90 g , .56 m oles, k7%).
Cyclam was p rep a red  according to  Tobe and cow orkers^ w ith  some 
m o d if ic a tio n s . ( 5 0  g , . 2 5  m oles) 1 , 3 -dibrom opropane and ( 4 0  g , . 2 5  
m oles) l , 9 -d iam in o -3 , 7 -d iazanonane were added to  4  l i t e r s  o f  a b so lu te  
e th a n o l ,  and h ea ted  under r e f lu x  fo r  2 4  h o u rs , du ring  which th e  s o lu tio n  
tu rn e d  y e llo w . 3 l i t e r s  o f  e th an o l were removed by d i s t i l l a t i o n .  The 
s o lu tio n  was coo led  and th e  KBr was removed by f i l t r a t i o n .  The volume 
was reduced to  150 ml during which th e  excess KOH was removed by
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d é c a n ta tio n . The v isco u s  yellow  s o lu t io n  was coo led  o v e rn ig h t to  p re ­
c i p i t a t e  th e  w hite  p roduct ( 3 * 5  8s Tfo), wlu-ch was f i l t e r e d ,  washed 
w ith  a c e to n e , and p u r i f ie d  by vacuum su b lim atio n  (120° C, 2 mm Hg).
The m e ltin g  p o in t in  a s e a le d  tu b e  was 186° C.
Anal. C alcu la ted  fo r CioHg^N^: C, 59.95; H, 12.08; N, 2?.97 .
Found; C, 59 .93; H, 12 .2 4 ; N, 27 .93 .
C is-[R h(cyclam )C lp] Cl
( 7 . 5  g , 28 mmoles) RhClo"3H20 and ( 7 , 5  g> 3 7  mmoles) cyclam were 
d is so lv e d  in  3 0 0  ml m ethanol and h ea ted  under r e f lu x  fo r  5  m inutes 
d u rin g  which th e  re d  m ix tu re  tu rn e d  to  a  ye llow  s o lu t io n  w ith  a yellow  
p r e c i p i t a t e .  The re a c t io n  m ix tu re  was coo led  and f i l t e r e d .  The yellow  
product ( 3 . 1  g , 2 7 %) was washed w ith  e th an o l and e th e r ,  and d r ie d  under 
vacuum fo r  2  h o u rs .
A nal. C a lc u la te d  fo r  [Rh(C2 QHp^N^^Clp]Cl: G, 29.32; H, 5 .91 ; N, 
13.68; C l, 25.97. Found: C, 29.26; H, 5 .99; N, 14.02; C l, 25.80.
T rans-[R h(cyclam )C l2 lC l
The f i l t r a t e  from th e  p re p a ra t io n  o f  c is-[R h(cyclam )G l2 lC l  in  
m ethanol was t r e a t e d  w ith  25 ml conc. HGl to  p r e c ip i t a t e  th e  excess 
cyclam a s  th e  t e t ra h y d ro c h lo rid e  (an a ly zed  a s  3 .5  H C l), and any c i s  
isom er l e f t  in  th e  r e a c t io n  s o lu t io n .  A fte r  f i l t r a t i o n ,  th e  yellow  
s o lu t io n  was ev apora ted  to  d ry n e ss . The yellow  re s id u e  was r e c r y s t a l ­
l i z e d  from 75 ml w a ter and 25 ml conc. HCl, washed w ith  ace tone  and 
e th e r , and d r ie d  under vacuum fo r  2 hours (5 .8  g , 50%).
Anal. Calculated fo r  C, 29.32; H, 5 .91 ; N,
13.68; C l, 25 .97 . Found: G, 29.38; H, 5 .89; N, 13.68; C l, 26.17.
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G is -  [Rh( cyclam )C l2 ] GIO^
(2 .0  g , 7 .6  mmoles) RhCl3»3H20, (1 .5  g , 7 .6  mmoles) cyclam , and 
( 2 .0  g , 34 mmoles) NaCl were added to  50 ml w ater and h ea ted  under 
r e f lu x  fo r  3 0  m in u tes , d u rin g  vxhich th e  re d  m ix tu re  changed to  a  ye llow  
s o lu t io n .  5 ml 70% HCIO^ were added to  p r e c ip i t a t e  th e  p ro d u c t. The 
y e llow  p ro d u c t (2 .4  g , 70%) was r e c r y s t a l l i z e d  by re p e a tin g  th e  p ro ­
ced u re , washed w ith  e th an o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [Rh( A)(^l2lCIO^; C, 25 .36 ; H, 5 .11 ;
N, 11 .83 ; C l, 2 2 .4 6 . Found: C, 25 .57 ; H, 5 .2 9 ; N, 11 .91 ; C l, 2 2 .47 .
C is-[R h(cyclam )B r2 ]B r
( 5 0 0  mg, 1 .2 2  mmoles) c is-[R h(cyclam )G l2 ]C l and (2 .5  g , 24 mmoles) 
NaBr were d is so lv e d  in  50 ml w a te r  and h ea ted  under r e f lu x  fo r  3 h o u rs . 
The s o lu t io n  tu rn e d  from yellow  to  o ran g e , w ith  th e  fo rm atio n  o f  an 
orange p r e c i p i t a t e .  The r e a c t io n  m ix tu re  was cooled  to  p r e c ip i t a t e  th e  
orange p ro d u c t, which was r e c r y s t a l l i z e d  by re p e a tin g  th e  p rocedure  
( 4 5 0  mg, 68%), washed ■sd.th e th an o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lcu la te d  fo r  [Rh(C2 QH22^N^)Br2 ]B r: C, 22 .12 ; H, 4 .4 6 ; N, 
10 .32 ; B r, 4 4 .1 5 . Found; C, 22 .26 ; H, 4 .4 7 ; N, 10 .3 4 ; B r, 43 .86 .
Trans-[Rh(cyclam)Br2lBr
S ta r t in g  w ith  th e  t r a n s - d ic h lo r o  complex, th e  p rocedure  was th e  
same as  t h a t  o f  th e  c i s  isom er w ith  a  5  hour r e f lu x  p e rio d  and (4 . 6  g , 
44 mmoles) NaBr i n  50 ml w a te r . The t r a n s  isom er (240 mg, 41%) was 
a ls o  o ran g e .
A nal. C a lcu la te d  fo r  [Rh(C2 oH2 ^N^^Br2 ]B r: C, 22 .1 2 ; H, 4 .4 6 ; N,
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10 .32 ; B r, 4 4 .1 5 . Found: C, 22 .28 ; H, 4.43,* N, 10 .50 ; B r, 4 3 .9 2 .
Cis-[Rh(cyclam)l2]I
( 5 0 0  mg, 1 . 2 2  mmoles) c is-[R h (cy c lam )C l2 lC l  was d is so lv e d  i n  5 0  ml
0 .33  M Nal and h ea ted  under r e f lu x  fo r  30 m in u tes . The s o lu tio n  tu rn e d  
from ye llow  to  o ran g e . I t  was co o led  to  p r e c ip i t a t e  th e  p ro d u c t, which 
was r e c r y s t a l l i z e d  by re p e a tin g  th e  p rocedure  tw ic e . The orange p roduct 
( 3 7 0  mg, 4 5 %) was washed w ith  e th a n o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [R h(C ioH 24^4)l2]l: 0 , 17 .56 ; H, 3 .5 4 ; N, 8 .1 9 ;
1 ,  55 .66 . Found: C, 18 .07 ; H, 3 .7 7 ; N, 8 .4 3 ; I ,  55 .66 .
T rans-[R h( cy c lam )l2 ] I
( 5 0 4  mg, 1 ,0 6  mmoles) tran s-lR h (cy c lam )G l2 ]C1 0 ^ and ( 3 . 2  g , 2 1  
mmoles) Nal were added to  150 ml w a ter and h ea ted  under r e f lu x  fo r  3 
h o u rs , d u rin g  which a  brown p r e c ip i t a t e  was form ed. The s o lu t io n  was 
coo led  and th e  brown p roduct was r e c r y s t a l l i z e d  by h e a tin g  in  2  l i t e r s  
o f  w ater and (3 .2  g , 21 mmoles) Nal fo r  3 d ay s , fo llow ed  by slow 
e v ap o ra tio n  to  200 m l. The p ro d u c t (610 mg, 84%) was washed w ith  e th an o l 
and e th e r ,  and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [Rh(CioH22^N^)l2 ] l :  C, 17 .56 ; H, 3 .5 4 ; N, 8 .1 9 ; 
I ,  55 .66 . Found: C, 17 .38 ; H, 3 .5 4 ; N, 8 .2 0 ; I ,  55 .74 .
C is-[R h ( cyclam ) ( N  ^)2] CIO^
( 5 0 0  mg, 1 .2 2  mmoles) c is-[R h (cy c lam )C l2 lC l  and ( l .O  g , 15 mmoles) 
NaN^ were d is so lv e d  i n  2 5  ml w a ter and h e a te d  under r e f lu x  fo r  3  h o u rs . 
The yellow  s o lu t io n  became g o lden . 5 ml 70% HGIO^ were added to  p re c ip -
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i t a t e  th e  yellow product, which was recrystallized by repeating the 
p ro ced u re . The p roduct (460 mg, 78%) was washed w ith  e th an o l and e th e r ,  
and d r ie d  under vacuum. The p roduct was p ro te c te d  from l i g h t  to  p rev en t 
decom position to  a  brown compound, r e s u l t in g  from th e  o x id a tio n  o f  th e  
az id o  l ig a n d s .
A nal. C a lc u la te d  fo r  [Rh(C2 QH2 ji^K^)(N3 )2 ]C 1 0 ^ : C, 24 .68 ; H, 4 .9 7 ;
N, 28 .78 ; 01 , 7 .2 8 . Found: C, 24 .70 ; H, 5 .12 ; N, 29 .02 ; C l, 7 .4 0 .
Trans~[R h(cyclam ) ( 1^ 3 ) 2 1 0 1 0 ^
S ta r t in g  w ith  th e  tr a n s -d ic h lo ro  complex, th e  t r a n s  d iaz id o  complex
was p rep a red  u s in g  th e  same p rocedure  a s  d e sc rib e d  fo r  th e  c i s .  The
golden yellow  p roduct ( 3 9 0  mg, 7 3 %) was a ls o  p ro te c te d  from l i g h t .
A nal. C a lc u la te d  fo r  [Rh(CioH2 4 ^4 )(N3 )2 l0 1 0 ^ : C, 24 .68 ; H, 4 .9 7 ;
N, 28 .78 . Found: C, 24 .88 ; H, 4 .9 6 ; N, 2 8 .7 3 .
Ci s -  [Rh ( cyclam ) ( NO2  ) 2 ] OlOj^
( 5 0 0  mg, 1 . 0 5  mmoles) c is -[R h (cy c lam )C l2 ]C1 0 ^ and (1 .7  g , 24
mmoles) NaN0 2  were d is so lv e d  i n  5 0  ml w a ter and h ea ted  under r e f lu x
f o r  3 h o u rs . The s o lu tio n  tu rn e d  p a le r  y e llo w . 5 ml 70% HCIO^ were 
added to  p r e c ip i t a t e  th e  p ro d u c t, which was r e c r y s t a l l i z e d  by re p e a tin g  
th e  p ro ced u re . The p a le  ye llow  p ro d u c t (400 mg, 76%) was washed w ith  
e th an o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lcu la te d  f o r  [Rh(G;Lo^24^^)^^%)2]^l®4' G, 24 .28 ; H, 4 .8 9 ;
N, 1 6 .9 9 . Found: C, 24 .44 ; H, 4 .9 3 ; N, 1 6 .6 4 .
Trans-(,Rh( cyclam) (NOp ) ^  010^
( 7 1 9  mg, 1 .75  mmoles) tran s-[R h (cy c lam )C l2 ] 0 1  and (3 .5  g , 51
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mmoles) NaNOp were added to 50 ml water and heated under reflux for 20 
hours. 5 ml 70% HCIO^ were added to precipitate the product, which was 
recrystallized by repeating the procedure. The wtiite powder (484 mg, 
58%) was washed with ethanol and e th e r ,  and dried under vacuum.
A nal. C a lc u la te d  fo r  [Rh(C]^QH2 /^N^)(N0 2 ) 2 ]C1 0 ^ : C, 24 .28 ; H, 4 .8 9 ; 
N, 16 .99 ; 0 , 2 5 .8 7 . Found; C, 24 .56 ; H, 4 .9 7 ; N, 17 .00 ; 0 ,  25 .59 .
C is-[R h(cyclam ) ( NCS)2 ]C 1 0 ^
(375 mg, .697 mmoles) tra n s-[R h (c y c l^ )(O H ) (H^O)1 ( C10y^)g, (2 .0  g ,
25 mmoles) NaSCN, and (10 g , 72 mmoles) NaClO^.HpO were d is so lv e d  in  
2 5  ml w a ter and h ea ted  under r e f lu x  fo r  2  hours du rin g  which th e  
s o lu tio n  became d a rk e r y e llo w . The s o lu t io n  was coo led  to  p r e c ip i t a t e  
th e  p ro d u c t. The y e llow -w hite  p ro d u c t (165 mg, 46%) was washed w ith  
e th an o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [Rh(CioR2 4 % )(N CS)2 lG 1 0 ;[^ : G, 27 .78 ; H, 4 .6 6 ; 
N, 16 .20 ; S , 1 2 .3 6 . Found: G, 27 ,84 ; H, 4 .5 7 ; N, 16 .2 0 ; S , 12 .29 .
T r ans-[Rh( cyclam) (NCS CIO^ ^
(218 mg, .405 mmoles) tra n s -[R h (c y c la m )( 0 H)(H2 0 )](G 1 0 ^ ) 2  and 
(1 .0  g , 12 mmoles) NaSCN were added to  25 ml w a ter and 5 drops d i lu t e  
HCIO^. The yellow  s o lu t io n  was h ea ted  under r e f lu x  fo r  50 h o u rs . (10 g , 
72 mmoles NaClO^ HpO was added to  p r e c ip i t a t e  th e  p ro d u c t. The p a le  
ye llow  complex was added to  50 ml 1 .0  M NaSCN, h ea ted  under r e f lu x  fo r  
10 h o u rs , and p r e c ip i ta te d  w ith  NaClO^. The p ro d u c t (72 mg, 34%) was 
washed v d th  e th a n o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [Rh(G^^gH2 ^N^)(NG8 )2 ]G1 0 ^ : C, 27 .78 ; H, 4 .6 6 ; 
N, 16 .20 ; S , 1 2 .3 6 . Found: C, 27 .56 ; H, 4 .5 7 ; N, 15 .96 ; S , 1 2 .4 4 .
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Trans-[Rh(cyolam)Gl(0H)]C10^
(306 mg, .747 mmoles) tra n s-[R h (cy c lam )C l2 ] 0 1  and ( 1  p e l l e t , -^2.5 
mmoles) NaOH were d is so lv e d  in  20 ml w a ter and h ea ted  under re flu x , fo r
3  m in u te s . ( 5 . 0  g , 36 mmoles) NaClO/^.HpO was added to  p r e c ip i t a t e  th e  
w h ite  complex ( 1 5 3  mg, 4 5 %), wfiich was washed w ith  e th a n o l and e th e r ,  
and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [Rh(C2 oH2 ,N, )C1(OH) ] GIO^: C, 26 .39 ; H, 5 .54 ;
N, 12 .31 ; C l, 1 5 .5 8 . Found; C, 26 .36 ; H, 5 .4 8 ; N, 12 .07 ; 01 , 1 5 .7 1 .
T rans-[R h(cyclam  ) G l(HgO)](0 1 0 ^ )g
(510 rag, 1 .24  mmoles) tran s-[R h (cy c lam )G l2 lC l  and ( 1  p e l l e t , ^ 2 .5  
mmoles) NaOH were d is so lv e d  i n  25 ml w a ter and h ea ted  under r e f lu x  fo r
4 m in u tes . The p a le  yellow  s o lu t io n  was coo led  on i c e  and s l i g h t l y  
a c id i f i e d  w ith  d i lu te  HCIO^. (10 g , 72 mmoles) NaClO^.HpO was added to  
p r e c ip i t a t e  th e  ye llo w  p ro d u c t ( 3 8 7  mg, 56%), which was washed w ith  
e th a n o l and e th e r ,  and d r ie d  under vacuum fo r  2  h o u rs .
A nal. C a lc u la te d  fo r  [ Rh ( C^^QHp^N  ^)C1 (HgO ) ] ( 010^ ) g : C, 21 .62 ; H,
4 .7 2 ; N, 10 .08 ; C l, 1 9 .1 4 . Found: C, 21 .46 ; H, 4 .3 5 ; N, 10 .07 ; C l, 19 .30 .
Trans-[Rh(cyclam )Br(O H )]ClO ^
(203 mg, .374 mmoles) tran s-[R h (cy clam )B r2 ]B r and ( l  p e l l e t 2, 5 
mmoles) NaOH were d is so lv e d  in  15 ml w a ter and h ea ted  under r e f lu x  fo r  
3  m in u te s , du rin g  which th e  s o lu t io n  tu rn e d  p a le r  ye llo w . ( 5 . 0  g , 36 
mmoles) NaClO^-HpO was added to  p r e c ip i t a t e  th e  p a le  ye llow  complex 
( 9 5  mg, 5 1 %), which was washed w ith  1 : 1  e th an o l and e th e r ,  and d r ie d  
under vacuum.
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A nal. C a lc u la te d  fo r  [Rh(CiQH24N^)Br(0H)]C10^: C, 24 .04; H, 5 .04; 
N, 11 .21 ; B r, 15 .99 ; C l, 7 .1 0 . Found; G, 24 .23 ; H, 4 .9 4 ; N, 11 .12 ;
B r, 16 .04 ; 01 , 7 .0 8 .
T ra n s -[R h (cy c lam )B r(H 2 0 )](C IO ,)g
(214 mg, .394 mmoles) tran s-[R h (cy c lam )B r2 lB r  and (1  p e l l e t , ^ 2 .5  
mmoles) NaOH were d is so lv e d  in  15 ml w a ter and h e a te d  under re f lu x , fo r  
3 m in u tes . The yellow  s o lu tio n  was coo led  and a c id i f ie d  w ith  d i lu t e  
HGIO^. (5 .0  g , 36 mmoles) NaC10^«H20 was added to  p r e c ip i t a t e  th e  p a le  
orange complex (127 mg, 54^), w hich was washed w ith  1 :1  e th an o l and 
e th e r ,  and d r ie d  under vacuum.
A nal. C a lc u la te d  f o r  [ Rh(G2 0 H2 2 . )B r(H2 O) ] ( CIO, )2 : G, 20 .01 ; H, 
4 .3 7 ; N, 9 .3 4 ; B r,  13 .32 ; C l, 1 1 .8 2 . Found: G, 20 .42 ; H, 4 .1 8 ; N, 9 .49 ; 
B r, 12 .94 ; C l, 1 1 .6 6 .
Trans-LRh(cyclam )l(O H ) ] CIO^
( 2 6 8  mg, . 3 9 2  mmoles) t r a n s - [R h (cyclam )Ï2 l I  and ( l  p e l l e t ,  ■^2.5 
mmoles) NaOH were added to  15 ml w ater and h ea ted  under r e f lu x  fo r  10 
m in u tés . The s o lu t io n  was f i l t e r e d  and h ea ted  under r e f lu x  fo r  an 
a d d i t io n a l  2 m in u tes . (5 .0  g , 36 mmoles) NaClO^'H^O was added to  p re ­
c i p i t a t e  th e  orange complex (51 mg, 24$ ), which was washed w ith  1 :1  
e th a n o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [Rh(GioH24N^)l(OH)]C10^: C, 21 .97 ; H, 4 .6 1 ;
N, 10 .25 ; I ,  23 .22 ; G l, 6 .4 9 . Found: C, 22.12; H, 4 .49 ; N, 10 .10 ; I ,  
23.16; C l, 6 .3 9 .
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Trans-[Rh(cyclara)l(H 20)J(C10^^)2
( 2 9 2  mg, . 4 2 7  mmoles) tra n s -[R h (c y c la m )l2 j I  and (1 p e l l e t ,  ^^2.5 
mmoles) NaOH were added to  25 ml w ater and t r e a te d  acco rd in g  to  th e  
tran s-io d o h y d ro x o  p re p a ra t io n . The yellow  s o lu tio n  was coo led  on ic e  
and s l i g h t l y  a c id i f i e d  w ith  d i lu te  HGIO^ which made th e  s o lu t io n  re d . 
( 5 . 0  g , 36 mmoles) NaClO^  ^ H2 O was added to  p r e c ip i t a t e  th e  re d  complex
(75 mg, 2 7 $ ) ,  which was washed w ith  1 :1  e th an o l and e th e r ,  and d r ie d
under vacuum.
A nal. C a lc u la te d  fo r  [Rh(GioH2y^N^)l(H20)](C10^)2: G, 18 .56 ; H, 
4 .0 5 ; N, 8 .6 5 ; I ,  19 .61 ; 01 , 1 0 .9 6 . Found; C, 18 .31 ; H, 4 .1 1 ; N, 7 .9 9 ; 
C l, 11 .0 4 ; I ,  1 9 .5 5 .
T rans-[R h(cyclain ) (N3  ) (OH )j CIO^
( 2 0 3  mg, . 4 1 7  mmoles) trans-[R h(cyclam )(N ^)2]C 10^ and ( l  p e l l e t ,  
<^2.5 mmoles) NaOH were d is so lv e d  in  25 ml w ater and h ea ted  under r e f lu x  
f o r  10 m in u tes , which made th e  s o lu t io n  p a le r  ye llo w . (5 .0  g , 36 
mmoles) NaC1 0 ^*H2 0  was added to  p r e c ip i t a t e  th e  p a le  ye llow  complex 
( 7 6  rag, 3 9 $ ), wMch was washed w ith  1 :1  e th an o l and e th e r ,  d r ie d  under
vacuum, and wrapped in  aluminum, f o i l  to  p ro te c t  a g a in s t  photo-decomp­
o s i t io n .
A nal. C a lc u la te d  fo r  [ Rh(CioH%N/^) ( ) (OH)]010/^; C, 26 .01 ; H,
5 .46 ; N, 2 1 . 2 4 . Found: C, 26 .17 ; H, 5 .39 ; N, 20 .96 .
Tran8-[R h(cyclam )(N ^ ) (H2 O )1 (010^^2
( 2 3 3  mg, ,458 mmoles) trans-[R h(cyclam )(N 2)2]C 10^ were t r e a te d  
v d th  NaOH as  d e sc r ib e d  fo r  th e  hydroxo p re p a ra t io n . The yellow  s o lu t io n
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was coo led  on ic e  and s l i g h t ly  a c id i f ie d  v jith  d i lu te  HGIO^, which made 
i t  tu rn  v e ry  s l i g h t ly  da rk er y e llo w . (5 .0  g , 36 mmoles) NaC1 0 2 ^4 l2 0  was 
added to  p r e c ip i t a t e  th e  yellow complex (140 mg, 54$), which was washed 
w ith  1 :1  e th an o l and e th e r , d r ie d  under vacuum, and wrapped in  aluminum 
f o i l  to  p ro te c t  a g a in s t  pho to -decom position .
A nal. C alcu la ted  fo r  [&h(CioH24N4)(N3)(H20)](G10^)2: C, 21,36; H, 
4 ,6 6 ; N, 1 7 .4 4 . Found: C, 21 .45 ; H, 4.42 ; H, 17.27.
Ci8-[Rh(cyclam)(0H)(H20)](C10,)2
(496 mg, 1 .21  mmoles) c is- iR h (cy c lam )C l2 l c i  and (2 p e l l e t s , ^ 5  
mmoles) NaOH were added to  25 ml w a ter and h ea ted  under r e f lu x  fo r  5 
m inu tes du rin g  which th e  s o lu tio n  tu rn e d  p a le r  y e llo w . (10 g , 72 
mmoles) NaC1 0 ^*H2 0  was added, and th e  s o lu t io n  was n e u tr a l iz e d  w ith  
d i lu te  HClOj^. Excess a c id  caused d is s o lu t io n  o f  th e  p ro d u c t, and th e r e ­
fo re  was av o id ed . The v e ry  p a le  ye llow  p roduct (429 mg, 66$) was washed 
w ith  e th an o l and e th e r ,  and d r ie d  under vacuum.
Anal. C alcu la ted  fo r  LRh(CioH24N4)(OH)(H20)](C10^^2: C, 22.32; H, 
5 .24; N, 10 ,41 ; Gl, 1 3 .1 8 . Found; C, 22 .42 ; H, 5 .15 ; N, 10 .44 ; C l, 1 3 .2 0 .
T rans-[R h( cyclam) ( OH ) (HgO ) 1(010;^ )p
(698 mg, 1 .7 0  mmoles) tran s-[R h (cy c lam )C l2 lC l  and (5 p e l l e t s ,  " 1 2  
mmoles) NaOH were d is so lv e d  in  20 ml w ater and hea ted  under r e f lu x  fo r  
100 m inutes d u rin g  which th e  s o lu t io n  became very p a le  y e llo w . (10 g ,
72 mmoles) NaC1 0 ^°H2 0  were added and th e  s o lu tio n  was n e u tr a l iz e d  w ith  
d i lu te  HCIO^. Excess a c id  caused d is s o lu t io n  o f  th e  p ro d u c t, and 
th e re fo re  was av o id ed . The p a le  yellow  p r e c ip i t a t e  (610 mg, 67$) was
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washed w ith  e th a n o l and e th e r ,  and d r ie d  under vacuum.
Anal. C alcu la ted  fo r  [Rh(CiQH24N^^(0H)(H20)](C10^)2: C, 22.32; H, 
5 .24 ; N, 10 .41 ; 0 1 , 13.18 . Found: C, 22 .09 ; H, 5 .19 ; N ,‘10 .21 ; C l, 
1 3 .1 0 .
Tran s-[R h ( cyclam )C lB rj CIO^
(218 mg, .531 mmoles) tran s-[R h (cy c lam )C l2 lC l  and ( l  p e l l e t , / - 2 . 5 
mmoles) NaOH were d is so lv e d  in  25 ml w a ter and h ea ted  under r e f lu x  fo r  
5 m in u tes , du rin g  which th e  s o lu tio n  tu rn e d  p a le r  y e llo w . (10 m l, 87 
mmoles) conc. HBr and 10 ml 70$ HCIO^ were added and th e  s o lu tio n  was 
h ea ted  a t  55° fo r  20 hours d u rin g  which a  yellow  p r e c ip i t a t e  form ed.
The p ro d u c t (118 mg, 43$) was r e c r y s t a l l i z e d  from w a te r , washed w ith  
e th a n o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [Rh^G^oHg^N^^ClBrjClO^: C, 23.19; H, 4 .6 7 ; 
B r, 15 .42 ; C l, 13.69. Found: 0 , 23 .36 ; H, 4 .7 0 ; B r, 15 .35 ; C l, 1 3 .7 6 .
T rans-[R h( cyclam )CU] 010^
(200 mg, .292 mmoles) tra n s - [R h (c y c la m ) l2 ] I  was d is so lv e d  in  400 
ml 0 .1  K NaCl and h ea ted  a t  60° in  a  co n s ta n t tem p e ra tu re  b a th  f o r  2 
days. 25 ml 70$ HGIO  ^ were added to  p r e c ip i t a t e  th e  complex, which was 
p u r i f ie d  by re p e a tin g  th e  p ro ced u re . The orange p roduct (130 mg, 79$) 
was washed w ith  e th a n o l and e th e r ,  and d rie d  under vacuum.
A nal. C a lc u la te d  fo r  [Rh(C]^oH2 ^N2^)CU]CIO^: C, 21 .26 ; H, 4 .2 8 ; I, 
22.46; C l, 12.55. Found: C, 21.55; H, 4 .60 ; I ,  22.39; C l, 12.84.
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T ra n  s -  [R h(cyclam JC lfN ^)]010^
( 2 3 2  mg, . 4 7 6  mmoles) tran s-[R h (cy c lam )(N ^)2 lClO^was added to  50 
ml 1 .0  M HCl and h ea ted  a t  85° fo r  6 h o u rs . 5 nil 70$ HCIO4  were added 
to  p r e c ip i t a t e  th e  complex, w hich was r e c r y s t a l l i z e d  from 40 ml w a ter 
and 2 ml 70$ HCIO^. The yellow  p ro d u c t (140 mg, 6 l$ ) was washed w ith  
e th a n o l and e th e r , and d r ie d  under vacuum.
A nal. C alcu la ted  fo r  [RhXC^oHg^N^^ClfN^yiClO^: C, 25 .10 ; H, 5.16;
N, 20 .42 ; C l, 1 4 . 7 6 . Found: C, 25-15; H, 4 .9 5 ; N, 20 .29 ; C l, 1 4 .8 1 .
Trans-[R h(cyclam )C l(N C S)]ciO ^
( 1 3 4  mg, . 2 4 2  mmoles) t r a n 8 -[Rh(cyclam )G l(H 2 0 )](C 1 0 , ) g  and ( 1 .0  g ,
12 mmoles) NaSCN were d is so lv e d  in  15 ml w a te r and h ea ted  under r e f lu x  
fo r  1 5  m in u te s . (5 .0  g , 3 6  mmoles) NaClO^'HgO was added to  p r e c ip i t a t e  
th e  yellow  complex (73 mg, 6 1 $ ), which was washed w ith  e th an o l and e th e r ,  
and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [Rh(CioH2 4 %)Gl(KCS)lciOj[^: C, 26 .62 ; H, 4 .8 8 ;
N, 14 .11 ; C l, 14 .29 ; S, 6 .46 . Found: C, 26 .56 ; H, 4 .8 1 ; N, 13.84; C l, 
14 .33 ; S , 6 . 4 6 .
T ran s-[R h(cyc lam )B rI] CIO^
(280 mg, .410 mmoles) trans-L R hfcyclam X ig]! and (1  p e l l e t ,  " 2 .5  
mmoles) NaOH were added to  50 ml w a ter and h ea ted  under r e f lu x  fo r  15 
m in u tes . The ye llow  s o lu tio n  was f i l t e r e d ,  (4 .0  m l, 35 mmoles) conc. 
HBr were added, and th e  s o lu t io n  was h ea ted  a t  70° fo r  5 m in u tes . The 
volume was in c re a s e d  to  500 ml to  d is so lv e  th e  bromide s a l t .  50 ml 70$ 
HCIO^ were added to  p r e c ip i t a t e  th e  p ro d u c t. The orange c r y s ta l s  (158
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mg, 63%) were washed w ith  e th a n o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [ R h ( ) B r l ] C 1 0 ^ ;  C, 19-71; H, 3 .9 7 ; N, 
9 .1 9 ; B r, 13 .1 1 ; I ,  2 0 .8 2 . Found: C, 19-70; H, 3 .8 0 ; N, 9 .0 1 ; B r,
12 .90 ; I ,  2 0 . 9 2 .
T rans-|R h(cyclam )B r(K ^)]C 10^
(149 mg, . 3 0 6  mmoles) tran s-[R h (cy c lam )(N 2 )2 l 0 1 0 ^ were added to  25 
ml 1 .0  M HCIO4  and h ea ted  under r e f lu x  fo r  5 h o u rs . (2 .6  g , 25 mmoles) 
NaBr was added and th e  yellow  s o lu t io n  was hea ted  a t  70° fo r  1 hou r.
5 ml 7 0 $ HCIO^ were added to  p r e c ip i t a t e  th e  p ro d u c t, which was r e c r y ­
s t a l l i z e d  from 2 5  ml w a ter and 2 ml 70$ HCIO4 , The orange c r y s ta l s  
(110 mg, 6 9 $ ) were washed w ith  e th an o l and e th e r ,  d r ie d  under vacuum, 
and p ro te c te d  from l i g h t .
A nal. C a lc u la te d  fo r  [Rh(C]_oH2 AN^)B r(No)]010^; C, 22 .90 ; H, 4-61;
N, 18 .69 ; B r, 15 .23 ; C l, 6 .7 6 . Found: C, 22 .76 ; H, 4 .7 4 ; N, 18 .55 ;
B r, 15 .08 ; C l, 6 .7 8 .
T rans-[R h( cyclam )Br(NCS)]C10^i
( 2 1 4  mg, . 3 4 0  mmoles) trans-[R h(cyclam )B r(H 20)j(C 10^)2  and (1 .0  g , 
12 mmoles) NaSCN were d is so lv e d  i n  15 ml w a ter and h ea ted  under r e f lu x  
f o r  10 m inutes which made th e  s o lu t io n  tu r n  from orange to  y e llow .
(10 g , 72 mmoles) NaClO^-H2 O was added to  p r e c ip i t a t e  th e  yellow  complex 
(14A mg, 78$), which was washed w ith  e th a n o l and e th e r ,  and d rie d  under 
vacuum.
A nal. C a lc u la te d  fo r  [Rh(C^QH2 ^N^)Br(NCS)JCIO^: C, 24 .64 ; H, 4-47; 
N, 12 .95 ; B r, 14-78; C l, 6 .5 6 . Found: C, 24 .82 ; H, 4 -39; N, 12 .97 ; B r, 
14 .59 ; C l, 6 . 7 0 .
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T ran s - [Rh( cyclam )! (N^ )]C10^
( 3 0 6  mg, . 4 4 7  mmoles) tra n s -[R h (c y c lam )l2 3 l and (1 p e l l e t ,  " 2 .5  
mmoles) NaOH were added to  200 ml w ater and h ea ted  under r e f lu x  fo r  5 
m in u tes . The yellow  s o lu t io n  was f i l t e r e d  and (20 g , 310 mmoles) NaN^ 
was added. Then th e  s o lu t io n  was n e u tr a l iz e d  w ith  d i l u t e  HGIO^ d u ring  
which i t  tu rn e d  o ran g e . 50 ml 70$ HCIO^ were added to  p r e c ip i t a t e  th e  
orange p roduct (81 mg, 3 2 $ ) ,  which was washed w ith  e th an o l and e th e r ,  
and d r ie d  under vacuum.
A nal. C a lc u la te d  fo r  [ Rh(C1 0 H2 4 N4 ) l(N ^ ) ] CIO4 : C, 21 .01 ; H, 4 .2 3 ;
N, 17 .15 ; I ,  2 2 .2 0 . Found; G, 21 .26 ; H, 4 .2 1 ; N, 17 .09 ; I ,  2 2 .3 1 .
Trans-[R h(cyclam )!(NOS)]C10^
(289 mg, . 4 6 6  mmoles) tra n s-[R h (cy c lam )l(H 2 0 ) j(C 1 0 ^ ) 2  and (1 .0  g ,
12 mmoles) NaSCN were d is so lv e d  i n  25 ml w a te r and h ea ted  under r e f lu x  
f o r  1 5  m in u te s , which made th e  s o lu tio n  tu r n  from re d  to  o range . ( 1 0  g , 
7 2  mmoles) NaClO^'HgO was added to  p r e c ip i t a t e  th e  p a le  orange complex 
( 2 2 7  mg, 8 7 $ ) ,  which was washed w ith  e th an o l and e th e r ,  and d r ie d  under 
vacuum.
A nal. C a lc u la te d  fo r  [Rh(C]^oH2 !^N^)l(NCS)]ciO^: C, 22 .48 ; H, 4 .1 2 ;
N, 11 .92 ; I ,  21 .59 ; C l, 6 .O3 . Found: C, 22 .60 ; H, 4 .0 3 ; N, 11 .95 ; I ,  
21.74; C l, 5.94.
T rans -  [Rh(cyclam )(N ^) (NCS) ] CIO^
( 2 4 3  mg, . 4 3 2  mmoles) tran s-[R h (cy c lam )(N ^) (H2 O)](CIO ^ ) 2  and (1 .0  g, 
12 mmoles) NaSCN were d is so lv e d  in  20 ml w a ter and h ea ted  a t  70° fo i'
7 5  m in u te s , d u rin g  which th e  s o lu t io n  rem ained ye llo w . (10 g , 72 mmoles)
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NaClO^'HpO was added to  p r e c ip i t a t e  th e  ye llow  complex (142 mg, 64$ ), 
which was washed w ith  e th an o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lcu la te d  fo r  [ R h ( ) ( NCS) ] CI O^: C, 25 .77; H, 
4 .7 2 ; N, 21 .85 ; S , 6 .2 5 . Found; C, 25 .97 ; H, 4 .7 2 ; N, 21 .97 ; S , 6 .2 7 .
R e so lu tio n  o f  Racendc c is-[R h (cy c lam )C l2 ]C l
( 5 0 0  mg, 1 .22  mmoles) c is-[R h (cy c la ra )C l2 lC l and ( . 9 0  g , 2 .7  
mmoles) d-ammonium «-bromocamphor-'Ti'-sulfonate were d is so lv e d  i n  15 ml 
w a ter and fro zen  fo r  one week. The m ix tu re  was m elted  and f i l t e r e d .  The 
p a le  ye llow  p r e c ip i t a t e  was washed w ith  a few drops o f  ic e  co ld  w ater 
and ground th o ro u g h ly  w ith  2 ml o f  1 :1 :1  e th a n o l , conc. HCl, and e th e r .  
The l-c is - [R h (c y c la m )C l2 lC l was f i l t e r e d  (149 mg, 60$).
Using a m ercury and a sodium lam p, th e  r o ta t io n  o f  a .58$ s o lu tio n  
was to o  sm all to  measure an a Rudolph p o la r im e te r .
The ORD spectrum  o f  a  1 ,13$ s o lu t io n  was reco rd ed  w ith  a Cary 60 
sp ec tro m e te r. The spectrum  e x h ib ite d  zero  r o ta t io n  a t  353 and 300 mp, 
which co rresponds to  th e  a b so rp tio n  maxima o f  th e  c i s  isom er. There was 
a p o s i t iv e  r o ta t io n  (.0 0 0 7 °) a t  325 mp and a  n e g a tiv e  r o ta t io n  ( .0 0 0 7 °) 
a t  370 mu u s in g  a  1mm c e l l .
^^^325 mu “ +6° 
W37O mu = - 6°
3 . R evised P re p a ra tio n s
The use  o f  th e  base  h y d ro ly s is  pathway fo r  th e  p re p a ra t io n  o f  th e  
mixed trans-Rh(cyclam)XY'*’ complexes was so s u c c e ss fu l in  te rras  o f  
p roduct p u r i t y  and re d u c tio n  o f  p re p a ra t io n  tim e , t h a t  i t  was a p p lie d
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t o  r e a c t io n s  which were o r ig in a l ly  su c c e ss fu l by d i r e c t  s u b s t i t u t io n ,  
b u t w ith  more d i f f i c u l t y  and tim e-consum ing p ro c e d u re s . T h is  was t r u e  
even fo r  tra n s-R h (cyclam )X2  ^ p re p a ra t io n s .  The ex p erim en ta l d e t a i l  o f  
f iv e  o f  th e  re v is e d  p re p a ra t io n s  a re  g iv en , b u t i t  i s  ap p aren t t h a t  t h i s  
method combined w ith  c o n tro l o f  pH i s  th e  key to  alm ost any co n ce iv ab le  
complex in v o lv in g  u n id e n ta te  lig a n d s  w ith  re a so n ab le  donor p r o p e r t ie s ,  
s t a r t i n g  w ith  th e  tran s-R h (cy c lam )C l2 * complex, I t  cou ld  a lso  be a p p lie d  
to  cis-R h(cyclam )X 2 ^ com plexes, b u t ,  a s  y e t ,  n o t to  mixed c i s  com plexes, 
s in ce  th e  c i s  base h y d ro ly s is  connot be stopped  a f t e r  th e  s u b s t i tu t io n  
o f  o n ly  one u n id e n ta te  l ig a n d . T h is  i s  because th e  r a t e s  fo r  base 
h y d ro ly s is  o f  th e  two c i s  u n id e n ta te  l ig a n d s  i s  n e a r ly  e q u a l, in v o lv in g  
a s tro n g  t r a n s  amido group fo r  b o th , and r e l a t i v e l y  weaker d i f f e r e n t i a l  
c i s  e f f e c t s .
The p re p a ra t io n  o f  th e  t r a n s - d in i t r o  complex from th e  t r a n s -  
chloroaquo o r tra n s -a z id o a q u o  i s  e s p e c ia l ly  i n t e r e s t i n g ,  s in ce  i t  
shows th e  v e ry  la rg e  t r a n s  e f f e c t  o f  n i t r o .  A fte r  th e  r a p id  a n a tio n  
to  th e  t r a n s - a c id o n i t r o ,  th e  ac id o  group i s  su b je c t to  r a p id  a c id  
h y d ro ly s is  even a t  room te m p e ra tu re . T h is  i s  convincing  ev idence th a t  
th e  d i f f i c u l t  p re p a ra t io n  by d i r e c t  s u b s t i tu t io n  o f  th e  t r a n s -d ic h lo ro  
complex i s  due to  in te r f e r e n c e  by an o th e r r e a c t io n ,  most l i k e l y  base  
h y d ro ly s is ,  i n  a s o lu tio n  made more b a s ic  by th e  s tro n g ly  b a s ic  n i t r i t e  
anion. At room temperatxrre, the base hydrolysis rate i s  very slow , and 
does n o t i n t e r f e r e  w ith  th e  t r a n s - d i n i t r o  fo rm ation  from tra n s-ch lo ro aq u q , 
which i s  com plete in  l e s s  th an  one m inu te .
The p re p a ra t io n s  were c a r r ie d  ou t a t  l e a s t  tw ice  in  each case  to  
t e s t  th e  r e p r o d u c ib i l i ty  o f  th e  m ethods. Each experim ent gave p ro d u c ts  
which were as  pure  o r p u re r  th a n  th o se  analyzed  from th e  o r ig in a l
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p ro c e d u re s , as  in d ic a te d  by th e  e le c t ro n ic  maximum to  minimum a b so rp tio n  
r a t i o s  and th e  v a lu es  o f  th e  e x t in c t io n  c o e f f ic ie n ts .
T rans-[R h(cyclam )C ll]C 10^
( 2 0 4  mg, . 3 0 1  mmoles) t r a n s - [Rh( cyclam )l2 ]I  and ( l  p e l l e t ,  " 2 .5  
mmoles) NaOH were added to  25 ml w ater and heated  under r e f lu x  fo r  10 
m in u tes . ( l .O  g , 17 mmoles) NaCl were added, fo llow ed by 3 imL 70$
HCIO^ w h ile  th e  s o lu t io n  was s t i l l  h o t .  The p roduct was f i l t e r e d ,  and 
th e  p rocedu re  was re p e a te d  w ith  a  2 m inute r e f lu x  p e r io d . The orange 
c r y s ta l s  (91 mg, 54$) were washed w ith  e th a n o l and e th e r ,  and d r ie d  
under vacuum.
The e le c t r o n ic  spectrum  in d ic a te d  a  p roduct a t  l e a s t  a s  pure  as  
t h a t  analyzed  from th e  o r ig in a l  procedure.
Tran3-[R h(cyclam )lB r3ciO ^
( 2 2 3  mg, . 3 2 6  mmoles) tra n s -[R h (c y c la m )l2 ] I  and (1 p e l l e t ,  " 2 .5  
mmoles) NaOH were added to  25 ml w ater and h ea ted  under r e f lu x  fo r  10 
m in u tes . (1 .0  g , 9 .7  mmoles) NaBr was added w ith  s t i r r i n g ,  fo llow ed  by 
5 ml 7 0 $ HCIO^. The procedure was re p e a te d  on th e  crude p roduct w ith  a 
2 m inutes r e f lu x  p e rio d  and f i l t r a t i o n  b e fo re  p r e c ip i t a t io n .  The orange 
p roduct (116 mg, 58$) was washed w ith  e th an o l and e th e r ,  and d r ie d  
under vacuum.
The e le c t r o n ic  spectrum  in d ic a te d  a t  l e a s t  as  pure  a  p ro d u c t as  
t h a t  analyzed  from th e  o r ig in a l  p ro ced u re .
Trans-LRh(cyclam )Br2 ]Br
(1 .0  g , 2 .4  mmoles) tran s-[R h (cy c lam )C l2 ]C l was t r e a t e d  re p e a te d ly
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w ith  NaOH and HBr a t  r e f lu x  tem p era tu re  in  25 m]. w a te r . The a c id  
s o lu t io n  was f i l t e r e d  and th e  orange p ro d u c t ( 7 8 1  mg, 6 1 $ )  was washed 
w ith  e th a n o l and e th e r ,  and d r ie d  under vacuum.
The e le c t r o n ic  spectrum  in d ic a te d  a  b e t t e r  p roduct th an  th a t  
produced by th e  o r ig in a l  p ro ced u re , fo r  which an a c c e p ta b le  a n a ly s is  
was o b ta in e d ,
T ran s-[R h (cy c lam )l2 ] I
The p re p a ra t io n  o f  th e  d iio d o  complex was im proved and sh o rten ed  
by h e a tin g  e i t h e r  th e  c i s  o r  t r a n s - d ic h lo r o  complex in  3  l i t e r s  o f  
s l i g h t l y  b a s ic  Nal s o lu t io n .  A c id if ic a t io n  o f  th e  s o lu t io n  w ith  HI 
b e fo re  p r e c ip i ta t io n  gave an e x c e lle n t  y ie ld  (90$ ). The procedure  was 
re p e a te d  u n t i l  th e  t r a n s  d iio d o  spectrum  was o b ta in e d . The c i s  d ic h lo ro  
complex cou ld  be used s in c e  th e  c i s  d iio d o  complex iso m erized  to  th e  
t r a n s  complex a t  r e f lu x  te m p e ra tu re .
The e le c t r o n ic  spectrum  in d ic a te d  a b e t t e r  p roduct th an  th a t  
produced by th e  o r ig in a l  p ro ced u re .
Trans-[R h(cyclam )(N O p)2 lCIO4
(298 mg, , 6 1 2  mmoles) trans-[R h(cyclam )(N 2)2]0102^ was added to  25 
ml 1 .0  M HCIO^ and h e a te d  under r e f lu x  fo r  15 hours to  g iv e  th e  a z id o -  
aquo com plex, o r  more c o n v en ien tly  th e  base  h y d ro ly s is  r e a c t io n  was used  
w ith  p ro to n a tio n  o f  th e  azidohydroxo complex. (2 .0  g , 29 mmoles) NaNOp 
was added, w hich caused th e  fo rm ation  o f  a  whi.te p r e c ip i t a t e  a t  room 
te m p e ra tu re . The w h ite  p roduct (170 mg, 40$) was washed w ith  e th an o l 
and e th e r ,  and d r ie d  under vacuum. The e le c t ro n ic  spectrum  and th e
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a n a ly s is  in d ic a te d  th e  d in i t r o  p ro d u c t.
Anal, Calculated fo r  [Rh(C^nHp^N^)(N02)p]ci0^^ N, 1 6 .9 9 . Found;
N, 1 6 .8 6 .
The same results were obtained for the anation of the trans- 
chloroaquo complex vdth nitrite,
3 , Attempted Preparations
The d i r e c t  r e a c t io n  o f  RhCl^OHpO and cyclam in  aqueous s o lu t io n  
o f  an an ion  (C l , Br , I  , and ) gave th e  Rh(cyclam)X2 ^ complex
e .g .  RhCl^OHpO + cyclam —> c i s  and tran s-R h (cy clam )B r2 *
o f  th e  p a r t i c u l a r  an ion  u sed . In  no case  was com plete s e p a ra tio n  o f  
th e  isom ers s u c c e s s fu l .  The t r a n s  Isom er was p re se n t a s  a  sm all p e r ­
cen tage  ran g in g  from approx im ate ly  5$ fo r  th e  d ic h lo ro  to  20 % fo r  th e  
d iio d o  p re p a ra t io n . The c i s  isom er was l e s s  so lu b le  th a n  th e  t r a n s .  
F u r th e r  work was no t n e ce ssa ry  a f t e r  th e  s e p a ra tio n  o f  th e  d ic h lo ro  
isom ers was v e ry  r e a d i ly  executed  i n  m ethanol, because o f  much g re a te r  
s o lu b i l i t y  d if f e r e n c e s  i n  t h a t  s o lv e n t .
The p re p a ra t io n  o f  th e  more symmetric cyclam an a lo g , 1 ,5 ,9 ,1 3 -  
te tra azacy c lo h ex ad ecan e  was t r i e d ,  bu t was abondoned a f t e r  i t s  i n ­
s t a b i l i t y  in  a i r  was observed .
The a ttem p ted  s u b s t i tu t io n s  a t  r e f lu x  tem p era tu re  o f  th e  t r a n s -  
d ic h lo ro  complex by s tro n g ly  b a s ic  an io n s  such as  f lu o r id e  and cyanide 
were u n su c c e ss fu l , because o f  th e  in c re a s e d  in te r f e r e n c e  o f  th e  base 
h y d ro ly s is  r e a c t io n ,  compared to  th e  in te r f e r e n c e  in  n e u t r a l  s o lu t io n s  
o f  th e  l e s s  b a s ic  a n io n s . As m entioned , even th e  d in i t r o  p re p a ra t io n  
was made d i f f i c u l t  because o f  base h y d ro ly s is .  The e le c t r o n ic  spectrum
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of the products produced confirmed the presence of the dihydroxo 
complex. The use of an aprotic solvent such as DMSO eliminated the 
interference by base hydrolysis, and a red product, believed to be 
the trans-dicyano complex, was observed from the substitution of cyanide 
on the trans-dichloro complex. However, the red product could not be 
precipitated with perchlorate of chloride. The isolation of the cyano 
and fluoro complexes would be of interest because of the expected 
extremes of the trans effect involved; large for cyano and small for 
fluoro.
The mixed nitro complexes could not be prepared from the acido- 
aquo complexes, since after the first anation by nitrite, the very 
large nitro trans effect gave the dinitro product very rapidly at 
room temperature. For this reason, attempts were made to isolate the 
trans-nitrohydroxo complex, which is expected to be readily anated 
after protonation of the hydroxo ligand to the aquo. Although a pro­
duct considered to be the nitrohydroxo complex was prepared, it was 
too soluble to be precipitated in appreciable yields by perchlorate.
The trans-Rh(cyclam)(S02)2~ was readily prepared by direct
2 -substitution of the trans-dichloro complex by SO^ , but the product 
was too soluble to be precipitated with sodium cation.
The cis and trans diaquo and dihydroxo complexes were all success­
fully prepared, but were too soluble to be precipitated with perchlorate.
The cis-chlorohydroxo complex could not be prepared, because the 
base hydrolysis could not be stopped after the first substitution on 
the dichloro complex, which has already been discussed.
The attempted preparation of the cis-chloroisothiocyanato complex 
showed the greater cis effect of isothiocyanato relative to its trans
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e f f e c t .  The s u b s t i tu t io n  r e a c t io n  produced th e  d iis o th io c y a n a to  com­
p le x , a s  in d ic a te d  by th e  a n a ly s is ,  under r e a c t io n  c o n d itio n s  which d id  
n o t g iv e  th e  t r a n s -d i is o th io c y a n a to  complex fo r  th e  s u b s t i tu t io n  o f 
th e  t r a n s - d ic h lo r o  complex by SCN“ .
The ex p erim en ta l d e t a i l s  o f  th e s e  a ttem p ted  p re p a ra t io n s  a re  
g iv en , in  th e  o rd e r  th e y  were d is c u s se d , and should  be u s e f u l  fo r  
f u r th e r  work a t  th e  i s o l a t i o n  o f  th e  com plexes, which a re  o f  i n t e r e s t  
f o r  m ech an is tic  and t r a n s  e f f e c t  s tu d ie s .
1 , 5 ,9 ,1 3 -te tra a za c y c lo h e x a d ec a n e
( 4 7  g , . 2 5  m oles, 4 9  m l) 1 , 1 1 -d iam ino-d iazaundecane and ( 5 0  g ,
. 2 5  m oles, 26 m l) 1 , 3 -dibrom opropane were t r e a t e d  i n  tiigh d i lu t io n  
e th an o l s im i la r ly  to  th e  cyclam p re p a ra t io n . A w h ite  waxy p r e c ip i t a t e  
was o b ta in e d . I t  cou ld  n o t be d r ie d  p ro p e r ly  and was observed  to  be 
u n s ta b le  in  a i r .
T r  an s -  [Rh ( c y clam ) F2 IGIO4
( 2 3 3  mg, . 5 6 8  mmoles) tran s-[R h (cy c lam )G l2l  Cl and (2 .0  g , 48 
mmoles) NaF were added to  50 ml w a ter in  a t e f lo n  beaker and hea ted  
under r e f lu x  fo r  1 hou r. (5 .0  g , 36 mmoles) NaClO^-HgO was added to  
p r e c ip i t a t e  th e  p a le  yellow  product (45 mg, 1 9 $ ), which was washed 
w ith  e th a n o l and e th e r ,  and d r ie d  under vacuum.
A nal. C a lcu la te d  fo r  [Rh(GiQH2 4 N4 )F2 ]G1 0 ^: G, 2 7 .2 ; H, 5 .5 ; N, 
1 2 .7 ; C l, 8 .0 ;  F , 8 .6 .  Found: G, 1 9 .5 ; H, 3 .8 ;  N, 8 .9 ; C l, 1 1 .5 ; F , 
1 6 .4 .
Spectrum : Shoulder (290 mp) and maximum (394 iRu).
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T r a n s - [Rh( cyclam ) (CN)p]G10ji^
(219 mg, .535 mmoles) trans-^R hC cyclam JC lgjC l and (1 .0  g , 20 
mmoles) NaCN were d is so lv e d  in  25 ml w a ter and ev ap o ra ted  to  d ry n e ss . 
The re s id u e  was h e a te d , which caused i t  to  change from yellow  to  green  
t o  r e d .  The r e a c t io n  was d i f f i c u l t  to  rep ro d u ce , and a w e ll-d e f in e d  
p roduct was n o t i s o l a t e d .
(217 mg, . 5 0 5  mmoles) tra n s-iR h (c y c la m )C l2 ]C l and (1 .0  g , 20 
mmoles) NaCN were added to  50 ml DMSO and h ea ted  a t  150° C. The s o lu ­
t i o n  tu rn e d  from yellow  to  v e ry  dark  re d .  The p roduct cou ld  no t be 
i s o l a t e d  w ith  an aqueous NaClO^ s o lu t io n .
T ran s-[R h (cyclam)(NO2) (0H)]C10^
( 4 0 0  mg, ,809 mmoles) trans-[R h(cyclam )(N O 2 )2 lGIO^ and ( l  p e l l e t ,  
~ 2 .5  mmoles) NaOH were added to  25 ml w a ter and h ea ted  under r e f lu x  
f o r  6 0  m in u te s . (20 g , I 4 O mmoles) NaClO^^^HgO was added to  p r e c ip i t a t e  
th e  p roduct in  v e ry  low y ie ld .  The r e a c t io n  s o lu tio n  spectrum  had a 
maximum a t  283 mp.
Trans-N a[R h(cyclam )(SO ^)2 )
( 2 4 2  mg, . 5 9 1  mmoles) tra n s-[R h (c y c lam )G l2 lC l and (2 .0  g , 16 
mmoles) NagSOg were d is so lv e d  in  2 5  ml w a ter and h ea ted  under r e f lu x  
fo r  20 m in u te s . The s o lu t io n  tu rn e d  from yellow  to  c o lo r le s s .  The 
p ro d u c t cou ld  n o t be p re c ip i ta te d  w ith  p e rc h lo ra te .
C is-[R h(cyclam )(O H )2 ] CIO^
C is-[R h(cyclam )C l2 lC l and ( l  p e l l e t ,  " 2 .5  rnmoles) NaOH were
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d is so lv e d  in  25 ml w ater and h ea ted  under r e f lu x  fo r  5 m in u tes . The 
p roduct cou ld  n o t be p re c ip ita .te d  w ith  p e rc h lo ra te .
An a c c u ra te ly  weighed amount o f  th e  cis-hydroxoaquo complex was 
d is so lv e d  in  25 ml 0 .1  M NaOH and h ea ted  a t  85° G fo r  1 hour to  g ive  
th e  dihydroxo complex. The e le c t r o n ic  spectrum  o f  th e  s o lu tio n  was 
re c o rd ed .
Cis-[Rh(cyclam)(H20)2l(G10^)2
This complex was prepared by acidifying a cis-dihydroxo solution, 
but it could not be precipitated vdth perchlorate.
Acidification of a cis-hydroxoaquo solution gave an equilibrium 
mixture, and heating at 85° C for 20 hours gave the diaquo complex 
completely. The electronic spectrum of a solution of predetermined 
concentration was recorded.
T rans-[R h ( cyclam ) ( OH ) 2 1 010^^
T ra n s -  Rhfcyclam jG lg Cl and (1 p e l l e t ,  " 2 .5  mmoles) NaOH were 
d is so lv e d  in  25 ml w ater and h ea ted  under r e f lu x  fo r  1 h o u r. The p ro ­
duct cou ld  n o t be p r e c ip i ta te d  w ith  p e rc h lo ra te ,
(43 .85  mg, .08147 mmoles) trans-[R h(cyclam )(O H ) (H2 O)] (GlO i^^ ) 2  was 
d is so lv e d  in  25 .00  ml 0 .1  M NaOH and h ea ted  a t  85° C fo r  25 h o u rs . The 
e le c t ro n ic  spectrum  o f  th e  s o lu t io n  was reco rd ed .
T rans-[R h(cyclam ) (H20)2](CIO^)^
This complex was prepared by acidifying a trans-dihydroxo solution, 
but it could not be precipitated with perchlorate.
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(49 .68  mg, .09268 mmoles) t r a n s - [Rh( cyclam) ( OH)(HpO)3 (0104)2 was 
d isso lv ed  in  25 .00  ml 0 .1  M HCIO4  and heated  a t  85° C fo r 24 hours.
T h is  d id  n o t g iv e  com plete s o lu t io n ,  b u t th e  e le c t r o n ic  spectrum  was 
reco rd ed  and approxim ate e x t in c t io n  c o e f f ic ie n t s  were c a lc u la te d .
C is-[R h(cyclam )G l(0 H)]C1 0 4
( 5 2 9  mg, 1 . 2 9  mmoles) c i s - [Rh( cyclam )0 1 2 ] Cl and (2 p e l l e t s ,  "5  
mmoles) NaOH w ere h e a te d  under r e f lu x  fo r  10 m in u tes . The p roduct could  
n o t be p r e c ip i t a t e d  w ith  p e rc h lo ra te .  The e le c tro n ic  spectrum  d id  no t 
change a f t e r  an a d d i t io n a l  60 m inutes o f  r e f lu x  tim e , in d ic a t in g  th a t  
th e  p roduct was a c tu a l ly  th e  dihydroxo complex. L im itin g  th e  r e f lu x  
p e rio d  alw ays r e s u l te d  in  tn e  r a p id  fo rm ation  o f  th e  dihydroxo p ro d u c t, 
which made i t  im p o ssib le  to  i s o l a t e  th e  monohydroxo complex by  t h i s  
p ro ced u re ,
Cis-[Rh(cyclam ) (NGS)Cl](SON)
( 5 4 4  mg, 1 . 1 2  mmoles) c is-[R h (cy c lam )C l2 lG1 0 4  and ( 1 , 0  g , 2 2  
mmoles) NaSCN were added to  50 ml w a ter and h ea ted  under r e f lu x  fo r  
7 h o u rs . ( 5 . 0  g , 62 mmoles) NaSCN was added to  p r e c ip i t a t e  th e  p roduct 
( 1 5 2  mg, 3 0 $ ) ,  which was r e c r y s t a l l i z e d  from 0 .5  M NaSCN, washed w ith  
e th a n o l and e th e r ,  and d r ie d  under vacuum.
The analysis indicated the disubstituted product. Anal. Calculated 
fo r  [Rh(CioH2 4 N4 )(NCS)2 ](SCN): G, 3 2 .7 ; H, 5 .05 ; N, 2 0 .6 . Found; C, 
3 3 .4 ; H, 5 .22 ; N, 2 0 .8 .
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I I I .  CHARACTERIZATION OF SOME 
DIACIDOCYCLAMRHODIUI'^(III) COMPLEXES
1 . S te reo iso m ers
The c i s  and t r a n s  isom ers o f  th e  d iac id o cy c lam rh o d in m (lll)  s e r ie s  
p rep a red  in  t h i s  work were a ss ig n e d  on th e  b a s is  o f  a com parison o f  th e  
w aveleng ths and e x t in c t io n  c o e f f ic ie n t s  o f  th e  a b so rp tio n  maxima o f 
t h e i r  e le c t r o n ic  sp e c tra  (T ab les  I  and I I  ) iv ith  th e  v a lu e s  fo r  th e  
known isom ers o f  th e  d ia c id o b is (e th y le n e d ia m in e )rh o d iu m (lII ) s e r i e s .
I t  i s  r e a d i ly  ap p aren t th a t  th e  t r a n s  isom ers e x h ib it  d -d  t r a n s i t i o n s  
o f  l e s s e r  energy  and l e s s e r  i n t e n s i t y  (se e  a ls o  F ig . 3 ) .  T h is  o b serv a ­
t io n  was used  to  confirm  th e  assignm ent o f  cyclam complexes fo r  wliich 
th e re  a re  no b i s ( e thylened iam ine) a n a lo g s . These cyclam complexes were 
a ss ig n ed  more c l e a r ly  on th e  b a s is  o f  th e  in f r a r e d  s p e c tra .
TABLE I
The E le c tro n ic  S p ec tra  o f  Rh(cyclam)XY^"^ (Maxima)
Complex A(mu) e ( l .  c m 'l mole'-L)- 1 \*
c i s —C l2
t r a n s - C l ,
c is-B rg ^
tra n s -B r .
c is - Ig *
tr a n s - Io "
cis-(N2)2*
354, 299, 207 223, 308, 33900
406, 310sh, 242sh, 206 78, 80 , 3300, 37100
367, 309 
429, 285, 235
243, 871
9 7 .3 , 2520, 34600
407, 2 9 5 sh , 260sh, 228 1210, 5300, 17500, 38400
515sh, 466, 353, 275, 64, 204, 13100, 34500,
226
339sh , 262
22800
1250, 11800
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TABLE I  (co n tin u ed )
Complex ri(mii) e ( l .  cm~^ m ole"^)
tra n s -(N ^ )  2 *^ 377, 286, 208 892, 1 2 7 0 0 ,  2 7 1 0 0
c is-(N 02)2^ 2 9 3 sh 1 0 3 0
tran s-(N 0 2 )2 * 320sh, 260sh, 213 535, 2 1 0 0 , 3 0 8 OO
Gi8-(NCS)2* 322, 2 4 4 1110, 3630
trans-(N C S )2* 377, 258 882. 3 3 3 0
trans-C l(O H )^ 363, 276 101, 180
trans-ClCHgO)^* 385, 2968h, 2 2 4 sh 55, 1 0 1 ,  4 4 2 0
trans-B r(O H )^ 373, 277sh 1 1 3 ,  354
t r a n  s -B r(H2 O 468, 4 0 3 , 310sh , 2 0 4 37, 63, 106, 25600
t r a n s - I  (OH)'* 443, 393, 2 7 5 ,  2 3 0 153, 1 5 5 , 5 3 3 0 ,  26300
trans-lC H gO )^^ 494, 341sh , 3 0 1 sh , 2 2 2 , 7 6 3 , 1 2 9 0 ,
2 7 1 ,  2 3 0 2 2 4 0 , 2 4 4 0 0
trans-N ^fO H )^ 357, 256 5 2 5 ,  6 3 2 0
tran8-N o(H 20)2* 420sh , 363, 261 79, 715, 5640
Cl8-(0H)(H20)2+ 328, 2 9 1 2 5 1 , 1 9 2
trans-(0H )(H 20)^ '* 342, 2 7 4 118, 222
c is -(0 H )2 ^ 3 3 1 , 278 226, 202
ois-(H 20)23+ 2 9 6 , 2 5 1 2 4 9 ,  2 3 0
tra n s -(O H )p * 341, 2 7 7 1 0 1 , 1 6 3
tran s -(H 2 0 )2 ^ * 352 6 5
tra n s -C lB r 418, 312sh, 260sh, 221 5 9 , 95 , 1 9 5 0 , 3 2 7 0 0
t r a n s -G lI* 493, 445sh , 308, 245 2 3 0 , 1 3 8 ,  3 6 2 0 , 3 1 3 0 0
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TABLE I  (concluded)
Complex A(mp) e ( l .  cm~^ mole”^)
tran s-C l(N ^)'* 382, 270, 207 697, 9390, 2 3 0 0 0
t r a n s -C l  (NCS)** 368, 252 340, 8080
t r a n s - B r l ’*’ 497, 459, 321, 256 151, 152, 6 2 0 0 , 33900
trans-Br(N^)'*" 393, 281, 214 698, 11900, 21400
trans-B r(N C S)* 368, 262 355, 8980
tra n s - l (N ^ ) ^ 465sh , 417, 300, 283, 654, 10100,
280sh, 225 8970, 20900
trans-l(N G S)'* 434, 412, 296, 274, 393, 413 , 4220, 5660 >
224 30600
trans-(N 2)(N C S) * 352, 270 861, 7330
^ b ased  on an aly zed  samples
TABLE I I
The E le c tro n ic  S p ec tra  o f  R h(en)2 XY  ^ (Maxima)
Complex a(mp) &( l .  cm ^ mole ^) R ef.
c is -C lg 325 , 295 155, 180 70
tra n s -C l2 406 , 286 75, 130 70
c is -B rg 362, 276 210, 900 70
tra n s -B rg 425, 276, 231 100, 2300, 30800 71
c i s - I g 375 1200 70
t r a n s - I g 462, 340, 259, 222 260, 14300, 31000, 20000 71
tra n s - (N ^ ) 2 375, 282 740, 13000 71
c is-(N 0 2 )2 290, 245sh 660, 3500 70
tra n s -(K 0 2 )2 300sh , 255sh 590, 2400 70
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t a b l e  II (concluded)
Complex a(mu) 6 (1 . -1  , -Ivcm mole ) R ef.
t r a n s -C lI 440, 300, 242 154, 4350, 38500 71
trans-C lC U ^) 377, 263 560, 9600 48
trans-C l(N C S) 363 340 70
tra n s -B r I 455, 311, 253 260, 7500, 41500 71
trans-B rC N ^) 388, 272 580, 15100 48
The cis-ah(cyclam )C lp'* ' isom er was confirm ed by th e  r e s o lu t io n  o f  
th e  racem ic m ix tu re  w ith  ammonium d-«\-brom ocam phor-?f-sulfonate. An ORD 
spectrum  showed a  v e ry  sm all s p e c if ic  r o ta t io n  (see  p . 55 ). Racemic 
c is - [R h (e n ) 2 G lp]C l has a lso  been s u c c e s s fu lly  re s o lv e d , and th e  o p t ic a l  
r o ta t io n  o f  th e  1 - c is  isom er was measured (H ^ ^ ^  = -5 8 ° )^ ^ . The
r e l a t i v e l y  sm all r o ta t io n  o f  th e  cyclam o p t i c a l  isom er cou ld  have been 
th e  r e s u l t  o f  poor s e p a ra tio n  o f  th e  d ia s te re o iso m e rs  o r  th e  in c re a se d  
symmetry o f  th e  cyclam c i s  isom er over th e  co rrespond ing  b is ( e th y le n e -  
d iam ine) c i s  isom er.
The charge t r a n s f e r  a b so rp tio n  peaks fo r  a s e r ie s  o f  t r a n s  complexes 
c l e a r ly  shows th e  s h i f t  a long  th e  sp ec tro ch em ica l s e r ie s  (F ig . 4)*  The 
peak s h i f t s  to  h ig h e r e n e rg ie s  a long  th e  s e r ie s  t r a n s - I g , IB r , IC I ,  and 
C lg . The sp ec tro ch em ica l s e r ie s  l i s t s  l ig a n d s  acco rd ing  to  t h e i r
7p
c a p a c ity  to  cause d o r b i t a l  s p l i t t i n g s  ( I<  Br < G l) .
The r e l a t i v e  e x t in c t io n  c o e f f ic ie n ts  o f  th e  s te reo iso m e rs  p ro v id e
ev idence  fo r  th e  ass ig n m en ts . D is to r t io n  o f  th e  o c ta h e d ra l  f i e l d
around th e  c e n t r a l  m e ta l io n  te n d s  to  remove th e  c e n te r  o f  symmetry
w ith  re s p e c t to  v ib r a t io n s ,  and th e  d^ s t a t e s  lo s e  some o f  t h e i r  g
73c h a ra c te r  th ro u g h  v ib ro n ic  co u p lin g  . T h is  p ro v id es  a mechanism fo r
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Figure 3 . The E le c tro n ic  S p ec tra  o f  Rh(cyclam)XY‘*' Complexes. (A) t r a n s - C l 2 , 
(B) c is -G lp  (C) t r a n s - C U , and (D) t r a n s - B r l .
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F ig u re  4 .  The Charge T ra n s fe r  S p ec tra  o f  some Rh(cyclam)XY'^ Complexes. 
(A) tra n s -C lg , (B) t r a n s - C l I ,  (C) t r a n s - B r l ,  and (D) t r a n s - I g .
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in c re a s in g  th e  i n t e n s i t y  o f  th e  d -d  t r a n s i t io n s .T h e  two sp in  a llow ed  
bands (^ ig < —  —  ^A^g) a re  e a s i ly  o b serv ed , and a re
obscured  by charge t r a n s f e r  bands o n ly  fo r  n i t r o  complexes w ith  t h e i r  
la rg e  l ig a n d  f i e l d  s t r e n g th s .  An in c re a s e  i n  s t e r i c  c o n s t r a in t  i s  ex­
p ec ted  to  cause g re a te r  d i s to r t i o n s ,  and th e re b y , g r e a te r  i n t e n s i t i e s
7
i n  th e  v i s ib l e  a b so rp tio n  o f  th e  com plexes. Collman and S chneider 
d is c u s s  t h i s  p r in c ip le  w ith  re s p e c t  to  a cis-Rh(am ine)X 2 '*’ s e r i e s .  The 
c e n te r  o f  symmetry i s  removed in  a  c i s  isom er r e l a t i v e  to  a t r a n s ,  
c o n s id e rin g  th e  p rim ary  e f f e c t s  o f  th e  N donors and ig n o rin g  th e  sec ­
ondary  e f f e c t s  o f  th e  e th y len e  and p ropy lene  l in k a g e s . As a r e s u l t ,  
l a r g e r  e x t in c t io n  c o e f f ic ie n t s  f o r  th e  d -d  t r a n s i t i o n s  a re  p re d ic te d  
fo r  th e  c i s  iso m e rs . T able I I I ,  which i s  a comparison o f  some o f  th e  
Rh (amine )C l2 '*’ complexes shows t h i s  t r e n d  v e ry  c l e a r ly ,  and T able  I
TABLE I I I
The E le c tro n ic  S p ec tra  o f  some R h(am ine)C l2 ^ Complexes (Maxima)
Complex B-(rau) € ( l .  cm~^ mole“^ ) R ef.
trans-R h(N H ^)^C l2 * 412 66 70
trans-R h(en )2C l2^ 406 75 70
trans-R h(cyclam )C l2* 406 78 t h i s  work
c i  s-Rh ( en ) 2C12'*’ 352 155 70
c is-R h(cyc lam )C l2 * 354 223 t h i s  work
c is - R h ( t r ie n ) C l 2 * 352 2 5 0 70
c ls -R h ( tre n )C l2 * 370 300 7
c is -R h (c y c le n )C l2 * 365 535 7 .
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shows t h a t  t h i s  t r e n d  i s  c o n s is te n t  w ith  th e  assignm ent o f  s te r e o ­
isom ers fo r  th e  cyclam com plexes. I t  i s  e s p e c ia l ly  c le a r  in  th e  case  o f  
c is - [R h (c y c la m )l2 ] I ,  which has th e  a d d i t io n a l  d i s to r t io n  r e s u l t in g  from 
th e  s iz e  o f  th e  iodo  l ig a n d s .  The low er energy  d-d  t r a n s i t i o n  i s  about 
20 tim es  a s  in te n s e  fo r  th e  c i s  iso m er. In  a d d i t io n ,  a s  n o te d , th e  
s t e r i c  e f f e c t  o f  th e  iodo  l ig a n d s  make t h i s  th e  o n ly  complex in  th e  
s e r ie s  which undergoes s te re o is o m e r iz a t io n  a t  r e f lu x  te m p e ra tu re .
M oreover th e  e f f e c t  i s  more pronounced i n  th e  c i s  s e r i e s  th a n  in  
th e  t r a n s .  T ab le  I I I  a ls o  shows th a t  th e  l a r g e r  s iz e  and g re a te r  
f l e x i b i l i t y  o f  th e  cyclam r in g  r e l a t i v e  to  th e  cyclen  r in g  r e s u l t s  in  
l e s s  d i s to r t io n  o f  th e  o c ta h e d ra l f i e l d .  The d-d  t r a n s i t i o n  i n t e n s i t y  
i s  l e s s  th an  th a t  o f  complexes w ith  o n ly  e th y len e  l in k a g e s . T h e re fo re , 
th e  p resence  o f  th e  two propy lene  b r id g e s  in  cyclam removes some o f  
th e  s t e r i c  c o n s t r a in t  found in  th e  c i s  s e r i e s .
The in f r a r e d  s p e c tra  (cm"^) a ls o  p ro v id e  ev idence fo r  th e  in c re a s e d  
d i s to r t io n  o f  th e  o c ta h e d ra l f i e l d  i n  th e  c i s  s e r ie s  (T ab les IV , V, 
and VI; F ig u res  5 and 6 ) .  The d ec rea se  in  th e  symmetry o f  th e  c i s
TABLE IVa
The I n f r a r e d  S p e c tra  o f  C oord inated  Cyclam'^^ 
in  Rh(cyclam)XY^ Complexes
Complex V (NH) Vs(CH) &g(CHg ) &s(NH) rCCHg)
S 3 S S M M
u n co o rd in a ted 3190 2920 2870 1475 1330 830
cyclam 3270 1460 1280
c is -C l2 3060 2915 2850 1445 1260 840
3175 1290 855
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TABLE I.¥a ( c o n t in u e d )
Complex V(NH) Oas(CH) Vs(CH) 6s(CH2) rfCHg)
tra n s -C lg 3105 2910 2880 1 4 1 5
1450
1 3 1 5
1 2 9 5
875
c is-B rg 3065
3160
2910 2840 1 4 4 0 1260
1 2 9 0
8 4 0
855
tra n s -B rp 3135 2920 2890 1420
1 4 4 0
1 2 9 0 8 9 0
c i s - I p 3065
3140
2910 2840 1 4 4 0 1260
1 2 9 0
840
855
t r a n s - % 2 3100 2 9 0 0 2850 1415
1435
1 3 0 5
1 2 9 0
865
c1 s -(N 2)2 3080
3180
2 9 1 5 2860 1 4 4 0
1 4 2 5
1 2 7 5
1285
845
860
tra n s - (N ^ )2 3 1 1 0 2 9 2 0 2860 1 4 5 0
1 4 2 0
1 3 1 5
1 2 9 0
875
c is - (N 0 2 ) 2 3050
3215
2 9 4 0 2850 1 4 4 0 1 2 7 0
1 3 0 0
840
855
tra n s - (N 0 2 ) 2 3180 2 9 3 0 2880 1 4 5 0
1 4 2 7
1 3 0 0 880
cis-(N C S)2 3125
3210
2 9 3 5 2880 1445
1 4 2 0
1 2 7 5
1 3 0 0
845
860
trans-(N C S )2 3105 2 9 4 5 2865 1445
1 4 2 0
1 3 2 0
1 3 0 0
875
trans-C l(O H ) 3225 2 9 4 0 2870 1460
1 4 2 5
1 3 1 0
1 2 9 5
880
trans-ClCHpO) 3225 2 9 3 0 2880 1455
1 4 2 0
1 3 1 0
1 2 9 5
875
trans-B r(O H ) 3220 2 9 1 0 2860 1 4 4 0
1 4 2 0
1 3 1 0
1 2 9 0
875
trans-BrCHpO) 3225 2 9 3 0 2870 1445
1 4 2 0
1 2 9 5 875
tra n s -l(O H ) 3220 2 9 2 0 2860 1460
1 4 2 0
1 3 1 5
1 3 0 0
875
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TABLE IVa (concluded)
Complex v(NH) yas(CH) VgfCH) AsCCHg) 6 g(NH) rfCHg)
tran s-l(H p O ) 3 2 2 0 2 9 3 0 2880 1445
1 4 2 0
1 3 0 0 8 7 0
tran s-(N 2 )(0 H ) 3 2 1 0 2 9 4 0 2880 1445
1420
1 3 2 5
1 2 9 0
880
tran s-(N o )(H 2 0 ) 3230 2 9 4 0 2880 1460
1 4 2 0
1 3 0 0
1 2 7 5
875
cis-fOHOtHgO) 3 0 9 0
3 2 2 0
2 9 3 0 2860 1460
1450
1 2 7 5
1 3 0 0
830
850
tran s-(0 H )(H 2 0 ) 3 2 2 0 2 9 3 0 2860 1455
1 4 2 0
1 3 0 5
1 2 9 5
870
tra n s -C lB r 3 2 1 5 2 9 2 0 2860 1 4 5 0
1 4 1 5
1 3 1 0
1 2 9 5
875
t r a n s - C lI 3180 2 9 2 0 2860 1445
1415
1 3 1 0
1 2 9 5
875
tra n s -G l(N 2 ) 3 2 0 0 2 9 2 0 2860 1445
1 4 2 0
1 3 1 0
1 2 9 0
875
trans-C l(N C S) 3 2 0 0 2 9 4 0 2870 1450
1 4 2 0
1 3 1 5
1 2 9 5
875
tra n s -B r I 3180 2 9 1 0 2860 1435
1 4 2 0
1 3 1 0
1 2 9 0
870
tra n s-B r(l\^  ) 3 1 9 0 2 9 1 5 2860 1 4 4 0 1 2 9 5 875
trans-B r(N C S) 3 2 0 0 2 9 1 5 2870 1445
1 4 2 0
1 2 9 5 875
tr a n s - I ( N ^ ) 3 2 0 0 2 9 1 0 2860 1445
1415
1 3 1 0
1280
870
tran s-l(K C S ) 3 2 0 0 2 9 4 0 2860 1455
1 4 1 5
1 3 1 0
1 2 9 5
870
trans-fN -jC N C S) 3 2 1 5 2 9 3 5 2870 1455
1 4 1 5
1 2 9 5 870
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Complex r(NH) CN and CC
c is -C lg
trans-C -lp
c is -B r-
tran s-B r^
c i  8 -Ir
t r a n s - I .
o i8-(N o)2
tra n s -(N ^ )2
ois-fNOg)p
trans-fNO-ïg
cis-(N G S),
trans-(NCS)2
790
795
790
760
785
790
790
800
790
805
795
800
1231
1218
1232
1232
1218
1234
1220
1236
1214
1179 1123
1239
1217
1228
1221
1245
1235
1241
1176
1178
1191
1177
1227 1166
1198
1180
1197
1174
1202
1181
1130
1121
1120
1130
1137
1125
1135
1130
1099
1087
1096
1096
1086
1118 1080
1083
1080
1080
1082
1088
1079
1078
1053
1017
1001
1020
1052
1176 1114 1096 1020
1228 1191 1123 1080
1052
1019
1000
1018
1053
1029 
1005
1048
1025
1055
1027
1002
1055
1030
1056
1034
1010
1045
1035
trans-C l(O H )
trsns-C lfH gO )
800
800
1234
1210
1215
1138
1143
1098
1100
1088
1047
1018
1040
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TABLE IVb (continued)
Complex r(NH) CN and CC
trans-B r(O H )
trans-Br(H20)
tran s-I(O H )
tran s-I(H p O ) 
trans-(N o)(O H )
tran s-(N o  ) ( I^ 0 )  
c is-(0H )(H 20)
tra n s - (0 H )( f^ 0 )
800 1227
800
795
800
800
800
800
1135
795 1235 1199 1144
1236
1218
1238
1235
1220
1235
1218
1117 
1202 1230
1095
1075
1102
1087
1135 1098
1190 1145
1085
1082
1080
1090
1090
1050
1017
1034
1050
1020
1035
1028
1010
1050
1030
1040
1028
1040
1025
tra n s -C lB r
t r a n s - C lI
tra n s -C l(N 2 )
trans-C l(N C S)
tr a n s - B r l
tra n s -B r( l '^  )
trans-B r(N C S)
tra n s - I (N ^ )
800 1231
800
795
800
795
800
800
795
1236
1233
1228
1228
1230
1235
1197
1130
1131
1135
1125
1190
1130
1130
1080
1080
1075
1086
1080
1080
1090
1080
1040
1018
1022
1021
1047
1020
1040
1017
1045
1020
1040
1024
1040
1021
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TABLE IVb (concluded)
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Complex r(NH) CN and CC
tran s-l(N C S ) 795 1 2 2 5  -  1 1 3 0 1080 1 0 . 4 5
1 0 2 4
trans-(N ^)(N C S ) 800 1228 -  1 1 3 5  
1211
1082 1040
1 0 2 7
TABLE V
The I n f r a r e d  S p ec tra  o f  o th e r  lig a n d s  and P e rc h lo ra te ? ^ , 75
Complex C h a r a c te r i s t ic  A bsorp tion  F requencies
c is -(N 2 )2
t ra n 8 - (N g )2
c is-(N 0 2 )2
tra n s -(K 0 2 )2
c1 s -(NCS)2
tran s-(N C S ) 2
trans-C l(O H )
trans-C lQ ü^O )
trans-B r(O H )
tran s-B r(H g O )
tran s-I(O H )
t r a n s - I  (H ^ )
tran s-(N 'j)(0 H )
trans-(N2)(H2p)
tran s-(0 H )(H 2 0 )
cl8-(0H )(H 20)
tra n s -C lB r
2020 S , 660 W (N g-); 617 S (CIO^")
2010 S ,  660 W ( N j " ) ;  6 l5  S ( C I O ^ " )
1399 S , 815 M, 830 M (NOg"); 617 S (CIO^")
1390 S , 825 M (N02~); 617 S (CIO^-)
2100 S , 2080 S , 835 M, 820 M (NCS~); 618 S (CIO^") 
2090 S , 830 M (NC8 " ) ;  611 (CIO4 - )
3610 M (O H '), 614 (CIO^^)
1610 M (HgO), 617 S (010^^)
3600 M (OH"), 614 S (CIO4 - )
1610 M (H gp), 614 S (CIO^")
3605 M (OH"), 617 S (CIO^")
1 6 1 0  M (H gp), 6 1 2  S ( 0 1 0 ^^)
3495 S ( O H " ) ;  2025 S , 660 W (N j" ) ; 6 I I  S (CIO4 - )
1 6 1 0  M (HgO); 2 0 2 0  S , 6 7 O W (N ^"); 6 l5  S (CIO4 " )
3 5 4 0  M ( O H " ) ,  1615 K ( H 2 O ) ,  618 S ( C I O 4 " )
3 4 4 0  8 , b road  (0H~); 1625 M (H2 O); 622 S (ClOj^")
614 s (CIO ")
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TABLE V (concluded)
Complex C h a r a c te r is t ic  A bsorp tion  F requencies
t r a n s - C lI 6 1 8  (CIO^-)
tran s-C l^N ^) 2010 S , 660 W (N3 ' ) ;  614 S (C10^~)
trans-C l(N C S) 2 0 9 0  S , 835 M (NCS"); 6 I I  S (ClOj^")
t r a n s - B r l 613 S (CIO4 " )
tra n s-B r(N 2 ) 2 0 0 5  S , 660 W (N3 " ) ;  6 1 3  S (CIO4 ' )
trans-B r(N C S) 2 0 9 0  S , 835 M (NCS~); 6 I I  S (C IO ^')
tra n s - I (N ^ ) 2005 s ,  650 w (N3 " ) ;  612 S (CIO^")
tran s-I(N C S ) 2 0 9 0  S , 835 M (NCS"); 6 IO S (C IO ^')
trans-(N 3)(N C S) 2020 S , 660 W (N3~); 2100 S , 833 M (NCS");
610 S (C10^~)
S, s tro n g ; M, medium; W, weak
TABLE VI
The Rh-L S tre tc h in g  F requencies?^
Complex Rh-N Rh-N Rh-N3 Rh-OH Rh-Cl
c is-C l2 505
459
429 286
trans-C lg . 493 432 289
cis-B r2 477
450
429
trans-BTg 487 433
c l s - I j 470
423
429
tra n s -Ig 482 425
cis-(N ^)2 490
459
437 351
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE VI (co n tin u ed )
8 1
Complex Rh-N Rh-N Rh-No Rh-OH Rh-Gl
tra n s -(N 3 )2
c1 s -(NG2)2
t r an s-(n o 2 ) 2  
ci8-(N C S)2
tran s-(N C S )2
5 0 1
479 
412
499
480 
410
5 0 0
4 3 2
437
4 3 1
437
4 3 0
3 7 0
trans-C l(O H )
tran s-C l(H 2 0 )
trans-B r(O H )
tran s-B r(H 2 0 ) 
tran s-I(O H )
t r a n s - I ( H 2 O) 
trans-(N ^)(O H )
tr a n s - (N 2 ) ( H ^ )
tran s-(0 H )(H 2 0 )
cis-(0H )(H 20)
5 0 1
499
5 0 0
496
501
497
502
499 
493
500 
4 5 0
4 3 0
429
429
427
4 3 0
427
429
429
431 
437
343
3 7 0
5 2 3
487
5 2 1
482
516
484
533
487
288
2 9 1
546
tra n s -C lB r 
tra n s -C U  
tra n s -C l(N 3 ) 
trans-C l(N C S)
497
496
499
499
431
4 3 0
432
4 2 9
362
282
278
284
2 9 0
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TABLE VI (concluded)
Complex Rh-N Rh-N Rh-No Rh-Cl
t r a n s - B r l 430 429
tran s-B r(N 3 ) 497 430 352
trans-B r(N C S) 498 428
tra n s - l(N 3 ) 491 428 347
tra n s -I(N C S ) 493 428
trans-(N 3)(N C S) 499 428 360
complexes r e s u l t s  in  g re a te r  d e t a i l  i n  th e  spectrum . The NH and RhN 
s t r e tc h in g  f re q u e n c ie s , and th e  GKq ro ck in g  frequency  a re  s in g le  peaks 
in  th e  t r a n s  and double peaks in  th e  c i s  s e r i e s .  There i s  g re a te r  
d e t a i l  i n  th e  c i s  s p e c tra  from 1000 to  1250 cm~'^, which in c lu d e s  th e  
CN and CC s t r e tc h in g  f re q u e n c ie s . In  a d d i t io n ,  th e  n i t r o  and i s o th io -  
cyanato  s t r e tc h in g  fre q u e n c ie s  a re  s p l i t  in  th e  c i s  com plexes.
2 . Linkage Isom ers
The th io c y a n a te  io n  i s  bonded i n  th e  is o th io c y a n a to  form (N- 
bonded) as  determ ined  from i t s  s p e c tr a .  A medium band n e a r 835 cm”^ 
was observed  fo r  each th io c y a n a te  complex (T able V ). Turco and P e c ile  
re p o r te d  th e  range 780-860 cm fo r  th e  C-S s tre tc h in g  frequency in  
is o th io c y a n a to  complexes as  opposed to  690-720 cm ^ i n  th io c y a n a to  
com plexes. In  t h i s  w ork, no i . r .  bands were observed  i n  th e  690-720 
cm~^ ra n g e . A more r e l i a b l e  assignm ent can be made on th e  b a s is  o f  th e  
&(NCS) fundam ental mode, which o ccu rs  in  th e  460-490 cm"^ range fo r  
M-NGS. w h ile  th e  co rresp o n d in g  band fo r  M-SCN o ccu rs  from 410 to  440
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In  t h i s  work, a  s in g le  weak band was p re se n t n ea r 460 cm~^,
which su p p o rts  th e  iso th io c y a n a to  assignm en t. T h is  i s  a n e ce ssa ry
c o n firm a tio n , s in c e  th e  f i r s t  o v erto n e  o f  th e  S(NCS) fundam ental, which
would occur fo r  b o th  M-SCN and M-NCS, i s  a  band between 800 and 880
cra"^ w ith  an i n t e n s i t y  com parable to  th e  v’(C-S) mode, and th e r e f o r e ,
may be m istaken  a s  d ia g n o s tic  o f  is o th io c y a n a to . The most r e l i a b l e
c r i t e r io n  fo r  M-NCS bonding i s  a  b road  band in  th e  v i c i n i t y  o f  2000
cm”^ , w h ile  M-SCN g ives a  v e ry  sharp  band in  th e  same re g io n  in  th e
77spectrum  o f  th e  s o l id  . Again th e  iso th io c y a n a to  assignm ent fo r a l l  
th e  complexes p re p a red , in v o lv in g  th e  th io c y a n a te  io n ,  was in d ic a te d  
by a c h a r a c t e r i s t i c a l l y  b road  band in  th e  range 2080-2100 cm~^.
The e le c t r o n ic  s p e c tra  were in  agreem ent w ith  t h i s  a ss ignm en t. 
A ccording to  Schaffer?®  and J o r g e n s e n ? ^ ,  th io c y a n a to  should  f i t  c lo se  
to  ch lo ro  and bromo in  th e  sp ec tro ch em ica l s e r i e s ,  w h ile  iso th io c y a n a to  
would f i t  a long  w ith  s tro n g e r  l ig a n d s  such a s  a z id o , a t  low er wave­
le n g th s .  Comparing th e  low er energy d-d  t r a n s i t i o n  o f th e  th io c y a n a to , 
a z id o , and h a lo  complexes (T able  I ) ,  i t  i s  ev id en t t h a t  th io c y a n a to  
h as  a  lig a n d  f i e l d  s tre n g th  v e ry  c lo se  to  th a t  o f  a z id o .
The u l t r a v i o l e t  sp e c tra  o f  th e  d in i t r o  complexes show th a t  th e  
lin k a g e  isom ers c o n ta in  n i t r o  r a th e r  th a n  n i t r i t o  l ig a n d s .  N i t r i t o  
has a lig a n d  f i e l d  s t re n g th  n e a r t h a t  o f  hydroxo, w hereas n i t r o  i s  
close to the strongest ligands i n  th e  sp ec tro ch em ica l s e r i e s .  The 
a b so rp tio n  maxima fo r  th e  n i t r o  complexes a re  th e  f a r t h e s t  in  th e  UV, 
and a re  observed  a s  sh o u ld ers  due to  th e  p ro x im ity  o f  th e  charge tran - 
f e r  p eak s . A ll th e  com parable hydroxo maxima a re  f a r th e r  in  th e  v if  
i b l e  re g io n .
The shairp in f r a r e d  band n e a r 820 cm~^ i s  d ia g n o s tic  o f  a
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isomer®^. I t  should  no t be confused  wi.th a broad peak n ear 860 cm~^
found in  b o th  n i t r o  and n i t r i t o  iso m ers .
The g r e a te r  s t a b i l i t y  o f  th e  is o th io c y a n a to  and th e  n i t r o  isom ers 
over th e  th io c y a n a to  and n i t r i t o  isom ers te n d s  to  in d ic a te  th e  h a rd n ess  
o r  c la s s  (a )  c h a ra c te r  o f  th e  Rh(cyclam ) s u b s t r a te .  T h is  p r in c ip le  
i s  c le a r ly  i l l u s t r a t e d  by th e  t r i a d  Z n ( l l ) ,  C d ( l l ) ,  and H g ( l l ) .  C lass
(a )  Z n (II)  bonds w ith  N, b o rd e r l in e  C d ( l l)  bonds w ith  N o r S , and c la s s
(b ) H g(Il) bonds w ith  S®1.
3 . Thermodynamic T rans E ffe c t
The c - in d u c tiv e  th e o ry  o f  th e  t r a n s  e f f e c t  acco u n ts  fo r  t r a n s
82a c t iv a t io n  through co m p etitio n  fo r  th e  M.O. , o r  re p u ls io n  o f
e le c tro n s  in  th e  m e ta l p^ j- o r b i t a l .  T h e re fo re , th e  th eo ry  p re d ic ts  t h a t
t r a n s  d e s ta b l i s a t io n  i s  r e l a t e d  to  tra n s  l a b i l i z a t i o n ,  p rov ided  h -  
e f f e c t s  a re  n o t im p o r ta n t. The assum ption t h a t  th e  changes in  b(Rh-X) 
can be c o r r e la te d  w ith  changes in  bond s tre n g th  i s  p robab ly  sa fe  fo r  
a s e r ie s  o f  r e l a t e d  compounds. A lthough th e r e  i s  no n e c e s s i ty  t h a t  
t h i s  assum ption be so , due to  th e  more complex bond s t re n g th  r e l a t i o n -  
sh ip s  o f  coupled  modes, th e  d ecrease  in  W(Pt-X) in  t r a n s -P t( P E t3 ) 2 LCl 
was found to  be r e l a t e d  to  th e  in c re a s in g  t r a n s  e f f e c t  o f  L, p rov ided  
th a t  h -b o n d in g  i s  n o t a  co m p lica tin g  f a c to r .  In  a d d i t io n ,  a s im ila r  
c o r r e la t io n  has been found fo r  F (P t-K ) in  c is-P t% 2 (NH2 ) 2 ^^ , and in  
tran s-P t(N H 3 )LCl2 ®^; and fo r  v (p t-K ) in  tran s-P tA 2LH, where A i s  
A s(E t)3 and a s e r ie s  o f  s u b s t i tu te d  phosphines . S im ila r ly , th e  t r a n s  
d e s ta b l iz a t io n  e f f e c t  can be in f e r r e d  from th e  s h i f t s  i n  th e  /(Rh-X ) 
f re q u e n c ie s . In  each o f  th e  c is  complexes a d i f f e r e n t  group i s  t r a n s  
to  a cy c lan  n i t r o g e n . T h e re fo re , s h i f t s  in  th e  v>(Rh-N) fre q u e n c ie s
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p ro v id e  a. b a s is  fo r  o rd e rin g  th e  t r a n s  l ig a n d s  acco rd in g  to  t h e i r  
bond weakening in f lu e n c e .  From th e  d a ta  in  Table V I, i t  i s  c le a r  t h a t  
th e  o rd e r  o f  t r a n s  bond weakening a b i l i t y  i s  N02~> I~> Br"> Cl"/^ K3 " > 
N(cyclam) > NCS". N(cyclam) was p o s itio n e d  on th e  b a s is  o f  th e  t r a n s  
complexes in  which N(cyclam) i s  t r a n s  to  each Rh-N bond. The o rd e r 
i s  expected  on com parison w ith  th e  t r a n s  e f f e c t  o rd e rs  o f  o th e r  o c ta ­
h e d ra l system s, excep t fo r  a z id o . However, azido  i s  a good R-donor, 
and a s  such , has an a d d i t io n a l  mechanism fo r  t r a n s  a c t i v a t io n ,  which 
i s  r e la te d  more to  th e  t r a n s i t i o n  s t a t e  th a n  th e  ground s t a t e .  The 
same r e l a t i v e  o rd e r  o f  t r a n s  bond weakening i s  observed  f o r  ^(Rh-N^) 
in  trans-R h(cyclam )L (N 3 )* and fo r  o(Rh-OH) in  trans-Rh(cyclam)L(OH)'*', 
where L i s  a ha lo  o r  azido  l ig a n d . The t e n ta t iv e  Rh-Cl s t r e tc h in g  
mode e x h ib i ts  th e  same t r a n s  dependence on L in  trans-R h(cyclam )L C l’*^.
The thermodynamic t r a n s  e f f e c t  o rd e r can a ls o  be in f e r r e d  from 
th e  a c id  s t re n g th s  o f  th e  tra n s -a c id o a q u o  com plexes. T h is  can be done 
because a  weaker 0-H bond i s  expec ted  to  mean a s tro n g e r  Rh-0 bond. 
T h e re fo re , th e  la r g e r  th e  v a lu e  o f  pK^, th e  g re a te r  th e  t r a n s  e f f e c t  
o f  th e  lig a n d  t r a n s  to  th e  Rh-0 bond. Of c o u rse , such a  com parison i s  
m eaningful on ly  fo r  complexes o f  th e  same charge and th o s e  w ith  l i t t l e  
^ -b o n d in g . The fo llo w in g  r e s u l t s  were o b ta in e d  fo r  tra n s-R h (cy c lam )- 
L(H20)^^ u s in g  a  R adiom eter pH 4 (22 °G ,p  = 3 .6  X 10“^ M).
L Pka
N3 " 5 .76
I " 5 . 5 0
Br" 5 . 3 0
01“ 5 . 2 4  ±
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The v a lu e  f o r  azido  i s  n o t com parable to  th e  halo v a lu es  because o f  th e  
az id o  fC-donor p ro p e r ty . In  a d d i t io n ,  th e  s tro n g  b a s i c i t y  o f  could  
c o n tr ib u te  to  th e  h igh  v a lu es  fo r  th e  pH measurement o f . th e  azidoaquo 
complex.
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IV. KINETIC SrUDIES
1 . K in e tic  R e s u lts
The k in e t ic  r e s u l t s  o f  th e  s u b s t i tu t io n s  o f  th e  d iha locyclam - 
rh o d iu m ( ll l)  complexes were o b ta in e d  by m on ito ring  th e  r e a c t io n  sp ec - 
t r o m e t r ic a l ly  a t  a  w avelength  fo r  which th e  d if f e r e n c e  between th e  
absorbance i n t e n s i t i e s  o f  th e  r e a c ta n t  and p roduct i s  la r g e .  Secondly , 
th e  w avelength  was chosen such th a t  th e  absorbance i n t e n s i t y  o f  th e  
r e a c ta n t  o r  p roduct was la rg e  enough to  a llow  th e  use  o f  v e ry  low 
complex c o n c e n tra tio n s  (-^2 X 10 H ), t h a t  i s ,  low enough to  avo id
p r e c ip i t a t io n  in  th e  p a r t i c u la r  r e a c t io n  medium and to  p erm it s o lu tio n  
o f  th e  r e a c ta n t  complex. T h is  was e s p e c ia l ly  im p o rtan t fo r  d iio d o  
complex fo rm ation  in  an io d id e  medium due to  th e  l im ite d  s o lu b i l i t y  
o f  th e  d iio d o  complex in  io d id e  s o lu t io n .  The most s u i ta b le  w avelength 
was u s u a lly  t h a t  o f  a  charge t r a n s f e r  peak w ith  an e x t in c t io n  c o e f f i ­
c ie n t  over 3 0 , 0 0 0  1 . cm ^ mole
An a c c u ra te ly  weighed sample was d is so lv e d  in  th e  a p p ro p r ia te  
r e a c t io n  medium u s in g  a  5 0  o r 100 ml v o lu m etric  f la s k  a s  th e  r e a c t io n  
v e s s e l .  The r e a c t io n  f la s k  was h ea ted  in  a th e rm o s ta ted  o i l  b a th  
(S a rg e n t) , which could  be re g u la te d  to  4 0 .0 1 °  C. A v o lu m etric  f la s k  
was convenien t s in c e  i t  cou ld  be e a s i ly  clamped in  th e  o i l  b a th , and 
cou ld  be kep t a i r t i g h t  to  p rev en t e v ap o ra tio n  o f  th e  r e a c t io n  s o lu tio n  
between sam ples w ith  a t i g h t l y  f i t t i n g  s to p p e r . The f la s k  was no t 
wrapped in  alurrd.num f o i l ,  s in ce  s ig n i f ic a n t  d if f e r e n c e s  due to  pho to ­
c a ta ly s i s  were n o t observed  in  wrapped and unwrapped f l a s k s ,  even fo r  
r e a c t io n  in  io d id e  m edia.
The re a c t io n s  were s tu d ie d  a t  3 te m p e ra tu re s  over a 20 to  30
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degree range  to  pe rm it c a lc u la t io n  o f  th e  a c t iv a t io n  p a ram e te rs . The 
te m p e ra tu re s  were chosen h igh  enough to  observe a t  l e a s t  one h a l f -  
l i f e  in  a  re a so n a b le  le n g th  o f  tim e , b u t were su b je c t to  an upper 
l i m i t ,  th e  b o i l in g  p o in t o f  th e  r e a c t io n  medium. The h ig h e s t  tem pera­
tu r e  used  was 95° C. At l e a s t  9 ru n s  were m onito red  a t  th e  upper and 
a t  th e  low er te m p e ra tu re s  to  in c re a s e  th e  accu racy  o f  th e  a c t iv a t io n  
param eter c a lc u la t io n s .  The ru n s  a t  th e  m iddle tem p e ra tu re  were moni­
to re d  m ain ly  to  check th e  l i n e a r i t y  o f  th e  a c t iv a t io n  e n th a lp y  p lo t .
Samples were withdrawn a t  s u i ta b le  in t e r v a l s  w ith  a 3 ml p ip e t 
and were quenched in  5 0  ml b eak e rs  by co o lin g  in  a w ater b a th  a t  room 
te m p e ra tu re . At l e a s t  15 m inu tes were re q u ire d  fo r  th e  r e a c t io n  so lu ­
t io n s  to  reach  th e  tem p era tu re  o f  th e  o i l  b a th ,  a f t e r  which th e  i n i t i a l  
sample was tak en  co rresp o n d in g  to  tim e , z e ro . T h is  cou ld  be done, even 
though th e  r e a c t io n  was a lre a d y  i n  p ro g re s s ,  s in ce  th e  r e a c t io n s  were 
p s e u d o - f i r s t  o rd e r ,  w ith  a l i n e a r  r a t e  p lo t  p a ss in g  th ro u g h  th e  o r ig in .
For th e  f i r s t  ru n  in  a s e r i e s ,  th e  u l t r a v i o l e t  spectrum  was 
scanned to  observe  th e  i s o s b e s t ic  p o in ts ,  and to  determ ine  a w avelength  
a t  which th e re  was a la rg e  d if f e r e n c e  between th e  r e a c ta n t  and p roduct 
absorbances (see  F ig . 7)* Subsequent ru n s  were g e n e ra lly  m onitored  a t  
th e  p rede term ined  w avelength .
The p s e u d o - f i r s t  o rd e r r a t e  c o n s ta n ts  fo r  th e  s u b s t i tu t io n  r e a c t io n s
were determined graphically (Pig. 8) from the relationships:
(1 ) fo r  s p e c t r a l  d e c re a se , k a 2 .303 lo g  Aq -  Aq^  , and
^  A^ -  Aqq
(2 ) fo r  s p e c t r a l  in c r e a s e ,  k a 2 . 3 0 3  lo g  Aqo -  Aq,
^ Apo -  A-t.
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F ig u re  7 . S p e c tra l  changes du rin g  th e  tra n s -R h (c y c la m )l2 * + Gl~ r e a c t io n .
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F ig u re  8 . G rap h ica l d e te rm in a tio n  o f  f o r  trans-R h(cyclam )lC l'^  + I '  
r e a c t io n .
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where Aq i s  th e  absorbance o f  th e  i n i t i a l  re ad in g  and i s  th e  
absorbance c a lc u la te d  from th e  known e x tin c t io n  c o e f f ic ie n t  o f  th e  
p ro d u c t b e in g  form ed. The e x p re ss io n s  a re  a d a p ta tio n s  o f  th e  g e n e ra l 
e x p re ss io n s  d e riv ed ^?  fo r  th e  c o r r e la t io n  o f  p h y s ic a l p ro p e r t ie s  w ith  
c o n c e n tra tio n s  fo r  th e  d e te rm in a tio n  o f  r a t e  c o n s ta n ts .  At th e  low 
c o n c e n tra tio n s  o f  complex u sed  in  th e s e  s tu d ie s ,  a  l i n e a r  r e l a t io n s h ip  
between absorbance and c o n c e n tra tio n  i s  ex p ec ted .
The c a lc u la te d  v a lu e  o f  Aqq cou ld  be u sed , s in ce  th e  r e a c t io n  
media were chosen w ith  th e  c o n c e n tra tio n s  o f  th e  s u b s t i tu t in g  an ion  
h igh  enough to  g iv e  com plete r e a c t io n .  I n  s e v e ra l  o f  th e  ru n s  which
were a llow ed t o  r e a c t  fo r  8 h a l f - l i v e s  (99.6% com pletion) o r  m ore, 
th e re  was e x c e l le n t  agreem ent o f  th e  exp erim en ta l and c a lc u la te d  v a lu e s  
o f  Aqq . In  th e  slow est ru n s , fo r  which base  h y d ro ly s is  was a  r e l a t i v e l y  
l a r g e r  e r r o r ,  th e  exp erim en ta l and c a lc u la te d  v a lu es  o f  Aqq d id  n o t 
ag ree  as  w e l l ,  b u t th e  u se  o f  th e  c a lc u la te d  v a lue  gave e x c e lle n t  
l i n e a r i t y  o f  th e  r a t e  p lo t  fo r  a t  l e a s t  one h a l f - l i f e ,  and a s  such , 
were co n sid e red  a c c u ra te  d e te rm in a tio n s  o f  th e  s u b s t i tu t io n  r a t e  con­
s ta n t s  fo r  com plete r e a c t io n .
The a c t iv a t io n  param ete rs  were c a lc u la te d  from th e  t r a n s i t i o n  
s t a t e  th e o ry  e x p re ss io n  fo r  th e  "thermodynamic" tre a tm e n t o f  r e a c t io n  
ra tes® ^ .
h
where R (gas c o n s ta n t)  i s  1 .987 c a l mole ^ deg k(Boltzraann) i s  1 .381 
X 10“^^ e rg  d e g " l , and h (P lan ck ) i s  6 .624 X 10"^7 @rg sec .
For a  r e a c t io n  i n  s o lu t io n  in  th e  l iq u id  s t a t e  th e  a c t iv a t io n
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e n th a lp y  i s  l e s s  th an  th e  A rrhen ius a c t iv a t io n  energy  by IIT o r -^600 
c a l  mole"^ a t  room te m p e ra tu re .
= Ea -  RT
The r a t e  d a ta  were e v a lu a te d  s t a t i s t i c a l l y  u s in g  th e  method o f  
89pooled  v a r ia n c e s  fo r  p o p u la tio n s  o f  d i f f e r e n t  means b u t w ith  a  common 
v a r ia n c e . I t  was assumed th a t  th e  varisunce o f  th e  r a t e  c o n s ta n ts  d id  
n o t depend on th e  te m p e ra tu re . T h e re fo re , th e  p e rc en t s tan d a rd  d e v ia t io n  
fo r  th e  3 te m p e ra tu re s  i s ;
%<r = âjt
J n -  3
where N i s  th e  t o t a l  number o f  ru n s  a t  a l l  3 te m p e ra tu re s , and
,2St  = - k ) '
where i s  a  r a t e  c o n s ta n t a t  te m p e ra tu re , T , and k i s  th e  average 
r a t e  co n s ta n t a t  T .
The p e rcen tag e  s tan d a rd  d e v ia t io n  f o r  th e  r a t e  c o n s ta n t a t  a  
g iven tem p era tu re  i s  g iven  by
= %<r/Jn
where %<r i s  t h a t  fo r  th e  3 te m p e ra tu res  and n i s  th e  number o f  ru n s  
a t  th e  p a r t i c u l a r  tem p era tu re  b e in g  c o n s id e re d . S ince th e  v a lu es  o f  k 
a re  d i f f e r e n t  a t  d i f f e r e n t  te m p e ra tu re s , th e  pooled  v a ria n c e  tech n iq u e  
r e q u ir e s  th e  use  o f  p e rc e n ta g e s .
Using th e  t r a n s i t i o n  s t a t e  th e o ry  ex p ress io n  fo r  r e a c t io n  r a t e s .
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and assm iing  th a t  th e  a c t iv a t io n  en th a lp y  i s  co n s ta n t fo r  th e  sm all 
tem p e ra tu re  range u sed , th e  c o n s id e ra tio n  o f  th e  r a t e  c o n s ta n ts  in  
p a i r s  g iv e s  th e  ex p re ss io n :
= 4 .576  TxTz lo g  k]T 2  
T i -  Tg kgTi
where i s  th e  a c t iv a t io n  en th a lp y  determ ined  on th e  b a s is  o f  th e
two te m p e ra tu res  Tq and Tg, and k]_ and kg a re  th e  r e s p e c t iv e  r a t e  
c o n s ta n ts  a t  th e s e  te m p e ra tu re s . T h e re fo re , 3 te m p e ra tu re s  g iv e  th e  3 
v a lu es  , and .
The s tan d a rd  d e v ia t io n  on AH^g^ was c a lc u la te d  assum ing exac t 
v a lu es  fo r  th e  te m p e ra tu re . T h is  cou ld  be done s in c e  th e  tem p e ra tu res  
were re g u la te d  to  ± 0 .0 1 °  C. The s tan d a rd  d e v ia t io n  o f  i s  acco rd ­
in g ly :
'  ( m * )  = i4 .5 7 6  f iT a  * » -L g  k 2 )z
n  -  T2
Where cr^ Qg  ^ approximately log  (1 -  (T^ /^lOO) and i s  expressed as 
a percentage.
The en th a lp y  o f  a c t iv a t io n , i s  found u s in g  a w eigh ted  average o f  
th e  e n th a lp ie s  found by p a ir in g  th e  tem peratu res:
Wqg f  W2 3  Hg3 ^ + ^13 and
w i2  + W2 3  + w^3
O' (AH*) = l / ( w ig  + W2 3  + # 1 3 )^ ,
where w^g = 1 /ct^(aHq_2 ’^ ) .
The en tro p y  o f  a c t iv a t io n  i s  found by s u b s ti tu tin g  th e  determ ined
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v a lu e  o f  th e  en th a lp y  o f  a c t iv a t io n  in  th e  o r ig in a l  t r a n s i t i o n  s ta t e  
ex p re ss io n :
a S ^  = 4 .576  lo g  k 4. -  4 7 . 2 3  ( c a l  deg"^ m o le"^ ), and
T T
e(A S+) =±(4.576 0-2
lo g  k ----- —
. cr(AH+)
T
The agreem ent o f  , and a re  an in d ic a t io n  o f  th e
l i n e a r i t y  o f  th e  a c t iv a t io n  en th a lp y  p l o t .  The most l i n e a r  p lo t  was 
o b ta in e d  fo r  th e  a c id  h y d ro ly s is  o f  th e  tr a n s -d i io d o  complex, and th e  
l e a s t  l i n e a r ,  f o r  th e  a c id  h y d ro ly s is  o f  th e  tran s-ch lo rob rom o  complex. 
The p o o re s t - lo g  k v s . 1/T p lo t  i s  shown in  F ig . 6.
The tem p e ra tu re  dependent s tu d ie s  were c a r r ie d  o u t ,  s in c e  th e  use 
o f  r a t e s  a lo n e  fo r  th e  k in e t ic  com parison o f  a r e a c t io n  s e r ie s  i s  
m ean in g less , when b o th  a c t iv a t io n  param ete rs  va ry  in  th e  s e r i e s .  An 
a n a ly s is  o f  th e  t r a n s i t i o n  s t a t e  th e o ry  r a t e  ex p ress io n  shows th a t  a 
In  k/T v s . l / r  p lo t  i s  c h a ra c te r iz e d  by th e  slope dependence on AH^ 
and th e  y - in te r c e p t  dependence on AS^. T h e re fo re , i f  AS* o r AH* i s  
c o n s ta n t fo r  a r e a c t io n  s e r i e s ,  th e  p lo ts  do not c ro s s ,  and lo g  k i s  
an unambiguous in d ic a t io n  o f  r e a c t i v i t y  o rd e r .  However, i f  bo th  AS*" 
and ah v a ry , th e  p lo ts  can c ro ss  and g iv e  c o n tra d ic to ry  r e s u l t s  
depending on th e  tem p e ra tu re  o f  th e  r a t e  s tu d y . Thi.s i s  made very  
c le a r  by th e s e  s tu d ie s ,  because th e  in te r s e c t io n s  were observed  in  
th e  tem p era tu re  range which was conven ien t fo r  re a so n a b le  r e a c t io n  
tim e s . For exam ple, th e  a c id  h y d ro ly s is  o f  t r a n s -d i io d o  (2 ,9 2  X 10“^ 
sec~^) i s  f a s t e r  th an  th a t  o f  tra n s -c h lo ro io d o  (2 .1 0  X 10 ^ sec a t
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5.9
285280275270
1 / ï  % lo5
F ig u re  6 . A c tiv a tio n  en th a lp y  p lo t  fo r  th e  a c id  h y d ro ly s is  o f  t r a n s -  
Rh ( cyclam ) ClBr
85° C, and slow er (7 .55  X 1 0 ”^ s e c ”^) th a n  th a t  o f  t ra n s -c h lo ro io d o  
(8 .3 6  X 10 ^ sec a t  55° C. T h is  i s  th e  expected  r e s u l t ,  assum ing 
th a t  th e  d iio d o  re a c t io n  has th e  la r g e r  v a lu e  fo r  i t s  en tro p y  o f  
a c t i v a t io n ,  which was found to  be th e  case  e x p e r im e n ta lly .
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The s u b s t i tu t io n  r e a c t io n s  were used to  study  th e  a c id  h y d ro ly s is
r a t e s ,  s in ce  th e  a c id  h y d ro ly s is  r e a c t io n  does n o t go to  com ple tion .
For exam ple, th e  tra n s -c h lo ro io d o  a c id  h y d ro ly s is  r e a c t io n ,  in  a d i r e c t
s tu d y , ended a t  6 9 ^ re a c t io n  com ple tion . The r a t e  c o n s ta n ts  fo r  th e
f i r s t  o rd e r approach to  e q u ilib r iu m  (T able V I I I ) were l a r g e r  th a n
th e  a c id  h y d ro ly s is  r a t e  c o n s ta n t ,  s in ce  th e y  a re  th e  sum o f  th e  a c id
90h y d ro ly s is  r a t e  c o n s ta n t and th e  a n a tio n  r a t e  c o n sta n t . The s u b s t i ­
tu t io n  r a t e  i s  l im ite d  by th e  a c id  h y d ro ly s is  r a t e ,  and th e  r e a c t io n  
can be d riv e n  to  com pletion by in c re a s in g  th e  s u b s t i tu t in g  anion  
c o n c e n tra tio n . (See a ls o  p . 98)
At f i r s t  th e  s u b s t i tu t io n s  o f  some tr a n s - d ih a lo  complexes were 
s tu d ie d  in  aqueous media ( d i s t i l l e d ,  ion-exchanged w a te r)  w ith o u t any 
a ttem p t to  a d ju s t  th e  pH o f  th e  r e a c t io n  so lu tio n  to  o b ta in  th e  a c id  
h y d ro ly s is  r a t e s .  A lthough th e  io d id e  r e a c t io n  media (0 .1  M) gave a  pH 
a s  h igh  a s  6 .4 , when hea ted  a t  8 ^  C, i t  was assumed th a t  base  hydro­
l y s i s  would p re se n t on ly  a  v e ry  sm all e r r o r ,  i f  any , i n  th e  pH range 
from 5 .6  to  6 .4  on com parison m .th  th e  b is (e th y le n ed ia m in e ) r e s u l t s .
The e r r o r  was n o t e v id en t fo r  th e  more ra p id  tra n s -d i io d o  a c id  hydro­
ly s i s  in  c h lo r id e  and bromide s o lu t io n s ,  as in d ic a te d  by e x c e lle n t  
i s o s b e s t ic  p o in ts ,  and l i n e a r i t y  o f  th e  k in e t ic  p lo t s ,  a lth o u g h  th e r e  
was some f a l l - o f f  from l i n e a r i t y  a f t e r  two h a l f - l i v e s .  However, th e  
r e a c t io n s  in  io d id e  m edia, in  which th e  t r a n s -d i io d o  complex was being  
form ed, e x h ib ite d  marked d e v ia t io n  from l i n e a r i t y .  At f i r s t  t h i s  was 
a t t r i b u t e d  to  s o lu b i l i t y  p rob lem s, s in c e  th e  io d id e  s a l t  o f  th e  t r a n s -  
d iio d o  complex i s  o n ly  sp a r in g ly  so lu b le  in  an io d id e  s o lu t io n .  T h is  
assum ption was proved erroneous by s tu d ie s  in v o lv in g  pH c o n tro l ,  
u s in g  more a c id ic  s o lu t io n s ,  in  which e x c e lle n t  l i n e a r i t y  o f  th e  k in e t ic
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p lo ts  was observed  fo r  more than fo u r h a l f - l i v e s .  In  a d d i t io n , changing 
th e  io d id e  c o n c e n tra tio n  o v er a te n - f o ld  range gave n e a r ly  th e  same 
tim es  fo r  th e  beg inn ing  o f  n o n lin e a r  p lo t s ,  in d ic a t in g  th a t  p r e c ip i ­
t a t io n  was no t th e  problem .
An a ttem p ted  d i r e c t  s tudy  of th e  a c id  h y d ro ly s is  o f  th e  t r a n s -  
iodoaquo complex a t  85° G p rov ided  evidence fo r  th e  base h y d ro ly s is  
re a c t io n  in  n e u tr a l  s o lu t io n  (pH 5.6), s in c e  th e re  was a re a c t io n  
w ith  an a p p re c ia b le  r a t e  g iv in g  a spectrum  s i r d l a r  to  th e  tra n s -h y d ro x o - 
aquo complex. I s o s b e s t ic  p o in ts  were no t m a in ta in ed , in d ic a t in g  some 
tra n s -d ia q u o  fo rm a tio n , p robab ly  a s  th e  r e s u l t  o f  trans-hydroxoaquo  
p ro to n a tio n . A c id if ic a t io n  o f  th e  s o lu tio n  caused f la t t e n in g  o f  th e  
hydroxoaquo e le c t r o n ic  absorbance maxima, and gave a  spectrum more 
s im ila r  to  th e  t r a n s  diaquo complex. In  approx im ate ly  0 .1  M HGIO4  a t  
85° C, th e r e  was no apparent r e a c t io n  a f t e r  fo u r d ays, which i s  the 
expected  r e s u l t  o f  an a c id  h y d ro ly s is , s in c e  th e  t r a n s  e f f e c t  o f  H^ O 
i s  very  much l e s s  th a n  th a t  o f  io d o . I t  was evident th a t  base h y d ro ly s is  
o ccu rred  w ith  an a p p re c ia b le  r a t e  in  n e u t r a l  s o lu tio n  and could  c o n t r i ­
b u te  a la rg e  e r ro r  to  the slow er r e a c t io n s ,  and even to  th e  f a s t e r  
r e a c t io n s  in  a 0 .1  M Nal r e a c t io n  medium, which becomes alm ost ten 
tim es  a s  b a s ic  when h ea ted  a t  85° G. S ince th e  base hydrolysis re a c t io n  
i s  u s u a l ly  f i r s t  o rd e r in  hydrox ide , th e  base h y d ro ly s is  r a t e  would 
be in c re a se d  te n f o ld .  T h is  acco u n ts  fo r  th e  marked f a l l - o f f  from 
l i n e a r i t y  o f  th e  k in e t ic  p lo t s  fo r  th e  s u b s t i tu t io n  r a t e s  in  io d id e ,  
s in ce  a s p e c t r a l  in c re a s e  was m onitored  fo r  th e  trans-diiodo fo rm a tio n , 
and base  h y d ro ly s is  r e s u l t s  in  a s p e c tr a l  decrease  a t  th e  w avelength 
s tu d ied , due to  th e  much low er e x t in c t io n  c o e f f ic ie n t  o f  th e  hydroxo 
p ro d u c ts .
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On th e  o th e r  hand, th e  a c id i f i c a t io n  o f  io d id e  re a c t io n  s o lu t io n s  
r e s u l te d  in  t r i i o d i d e  fo rm a tio n , a s  determ ined  by i t s  e le c t ro n ic  spec­
trum , and i t s  ye llow  c o lo r  fo r  more c o n ce n tra te d  s o lu t io n s .  The t r i ­
io d id e  spectrum  has absorbance maxima (285 and 353 mp) a t  a lm ost th e  
same w avelengths a s  th e  t r a n s -d i io d o  complex ( 2 7 5  and 353 mp) w ith  s im i­
l a r  e x t in c t io n  c o e f f ic ie n t s  (39000 v s . 34500 and 26400 v s .  13100 re s p e c ­
t i v e l y ) ,  and th e r e f o r e ,  i t s  fo rm ation  g iv e s  a p p a re n tly  g re a te r  v a lu e s  
fo r  th e  r a t e  c o n s ta n ts  de term ined  by d iio d o  fo rm a tio n . Even fo r  concen­
t r a t i o n s  o f  a c id  and io d id e  low enough to  make io d in e  fo rm ation  a 
n e g l ig ib le  e r r o r ,  a s  determ ined  by h e a tin g  th e  r e a c t io n  s o lu t io n  a t  
85° C and making a  s p e c t r a l  com parison w ith  th e  same s o lu t io n  a t  room 
te m p e ra tu re , th e re  was an ap p aren t c a t a ly t i c  e f f e c t  by t r i i o d i d e .
These o b se rv a tio n s  n e c e s s i ta te d  th e  d e te rm in a tio n  o f  th e  low est 
io d id e  c o n c e n tra tio n  to  g iv e  r e a c t io n  com ple tion , t h a t  i s ,  com plete 
a n a tio n  o f  th e  tran s-io d o aq u o  in te rm e d ia te  to  th e  tr a n s -d i io d o  p ro d u c t, 
and th e  low est a c id  c o n c e n tra tio n  to  e lim in a te  base  h y d ro ly s is .  The 
low est io d id e  c o n c e n tra tio n  was found by an e q u ilib r iu m  s tu d y  on th e  
a n a tio n  o f  trans-R h(cyclam )l(H 20)^*  by I  a t  85° C in  10“^ M. HCIO^ ;^
[N al],K % r e a c t io n
.001 73
.002 81
.005 92
.01 96
10"5 HCIO^ was used  s in c e  low er c o n c e n tra tio n s  caused f a l l - o f f  from
l i n e a r i t y  o f  th e  k in e t ic  p lo ts  o f  th e  a c id  h y d ro ly s is  o f  t r a n s -C lI
and t r a n s - B r I ,  in d ic a t in g  in te r f e r e n c e  by base  h y d ro ly s is .
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The re a c t io n  o f  t ra n s - io d o c h lo ro  and io d id e  ( .0 1  and .02  M) i n  
10~^ M HCIO^ gave l i n e a r  k in e t ic  p lo t s  fo r  a s  much a s  4 h a l f - l i v e s ,  
and th e  ex p erim en ta l v a lu e  o f  Aqo corresponded  to  th e  c a lc u la te d  v a lu e  
in d ic a t in g  t h a t  b o th  problem s were overcome. In  a d d i t io n ,  th e  v a lu e s  
fo r  kgc were app rox im ate ly  eq u al a t  bo th  c o n c e n tra tio n s  o f  I~  (T able 
V I I I ) ,  and th e  i s o s b e s t ic  p o in ts  were sharp  and equal to  th o se  ob­
ta in e d  fo r  th e  r e v e rs e  r e a c t io n s ,  fo r  exam ple, t r a n s -d i io d o  and c h lo r id e .
U n fo rtu n a te ly , th e  slow er r e a c t io n s  o f  t r a n s -d ic h lo ro  and t r a n s -  
dibromo i n  io d id e  gave l i n e a r  r a t e  p lo t s  fo r  only  one h a l f - l i f e ,  and 
reached  o n ly  ap p ro x im ate ly  95^ re a c t io n  com pletion . The l i n e a r  p a r t  o f  
th e  r a t e  p lo t  based  on th e  c a lc u la te d  v a lu e  o f  A^g was used to  d e te r ­
mine th e  r a t e  c o n s ta n t ,  s in ce  th e  p rev io u s  work had shown th a t  .02  M 
1 “ in  10"^ M HCIO^ were th e  h ig h e s t c o n c e n tra tio n s  o f  a c id  and io d id e  
which cou ld  be u sed  w ith o u t in te r f e r e n c e  by io d in e .
The a c id  h y d ro ly s is  o f  th e  t r a n s -d ic h lo ro  complex i n  a  bromide 
medium showed a marked degree o f  in te r f e r e n c e  by base h y d ro ly s is  even 
i n  10"5 K HGIO^. The f iv e - f o ld  in c re a s e  in  bromide c o n c e n tra tio n  gave 
id e n t i c a l  r a t e  r e s u l t s  w ith  th e  same degree o f  f a l l - o f f  from l in e a r i ty .  
T h e re fo re , th e  a c id i ty  was in c re a se d  to  10”^ M HCIO^ ,^ and e x c e lle n t  
l i n e a r i t y  was o b ta in e d . However, th e  r a t e  was slow er th a n  th a t  i n  an 
io d id e  medium. T h is  would be expected  i f  th e  second s ta g e  o f  th e  r e ­
a c t io n ,  th e  a c id  h y d ro ly s is  o f  trans-ch lo rob rom o  had a  r a t e  comparable 
to  th e  f i r s t .  The second ch lo ro  s u b s t i tu t io n  (kg^ = 1 .4 2  X 10“^ sec“^) 
was found to  be even slow er th an  th e  f i r s t  (kg^ = 2 .35  X 10” ^ sec”^ ) 
in  a brom ide re a c t io n  medium a t  th e  tem p era tu res  s tu d ie d  due to  a  more 
n e g a tiv e  en tro p y  o f  a c t iv a t io n  fo r  th e  second s te p . T h is  problem  i s  
n o t enco u n te red  in  io d id e  media s in c e  th e  second s te p  i s  about n in e ty
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tim es  f a s t e r  th a n  th e  f i r s t  a t  85° C.
Some p re lim in a ry  r e s u l t s  were o b ta in e d  fo r  th e  a c id  h y d ro ly s is  
o f  th e  t r a n s - l (N ^ )  and I(NGS) com plexes, in  n e u t r a l  m edia. Even though 
th e  r e s u l t s  a re  su b je c t to  la rg e  base  h y d ro ly s is  e r r o r s ,  th e  in e r tn e s s  
o f  th e  azido  (7 .1  X 10~^ sec”^) and i  so t h i o cyanat o (3 .1  X 10“^ se c “^) 
complexes a t  85° C in d ic a te s  t h a t  th e y  a re  poor le a v in g  g roups, s in ce  
iodo  i s  expected  to  have a la rg e  t r a n s  e f f e c t  r e l a t i v e  to  b o th .
The k in e t ic  r e s u l t s  o f  th e  s u b s t i tu t io n s  o f  th e  ha lo  complexes a re  
g iven  in  T ab les  711 to  XII (c o n c .,  M; k , sec”^ ) .  The r a t e  d a ta  from which 
th e  average  v a lu e s  in  th e  t a b le s  were c a lc u la te d  i s  given i n  th e  append ix . 
The r a t e s  in  n e u t r a l  media a re  in c lu d e d  to  show th e  degree o f  in te r f e r e n c e  
by base h y d ro ly s is .  Of c o u rse , th e  n o n l in e a r i ty  o f  th e  n e u t r a l  ru n s  made 
i t  n e c e ssa ry  to  c a lc u la te  th e  r a t e  c o n s ta n ts  on th e  b a s is  o f  th e  i n i t i a l  
r a t e s  fo r  a segment o f  th e  r e a c t io n  l e s s  th an  one h a l f - l i f e .  S ince  th e  
hydroxo complexes g e n e ra lly  had low er absorbances a t  th e  w avelengths moni­
to re d ,  th e  base  h y d ro ly s is  c o n tr ib u te d  a p o s i t iv e  o r  n e g a tiv e  e r r o r  de­
pending on th e  measurement o f  a s p e c t r a l  d ec rease  o r in c re a s e  r e s p e c t iv e ly .
TABLE 711
S u b s t i tu t io n  R a tes  o f  tran s-R h (cy c lam )l2 * + X~
T , °G X" [X'] IHCIO^] 10^ k , sec~^ cr
55 Cl~ .02 io " 5 7.55 .03
C l" .1 0 8 .40 .03
C l" .2 0 7.62
Br“ .02 10"5 7 .67 .05
Br~ .1 0 8.A2 .05
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TABLE VII (concluded)
T , °C X“ Dc-] [HCIO/ ]^ 10& k cr
70 C l’ .02 10-5 51.4 .2
C l’ .1 0 54.7 .2
Br" .02 10-5 51 .0 .3
B r’ .1 0 53.4 .4
85 Cl~ .1 10-2 2 9 0
Cl~ .1 0 292 1
B r’ .01 10-5 286
B r’ .02 10-5 292 2
Br“ .1 0 306 2
TABLE V III
S u b s t i tu t io n  Rates o f  trans-R h(cyclam )lC i^  + I ’
T , °C [ I ’l [HCIO^] 10& k <r
55 .1 0 10 .6 .1
.02 10-5 8 .36 .05
70 .1 0 49 .5 .3
.02 10-5 4 5 .6 .3
85 .01 ■ 0 181 1
.02 0 182 2
.04 0 209 7
.05 0 199 5
.07 0 220 9
.1 0 234 1
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ta b l e: VIII (concluded)
T , °C [ ! " ]  [HC10;^1 10^ k cr
.001 10-4 188
.002 10-4 192
.004 10-4 201
.005 10-4 203
.02 10-4 236
.04 10-4 260
.02 2 X 10"5 218
.04 2 X 10-5 242
.005 1 0-5 180
.01 10-5 210
.02 10-5 212
.04 10-5 236
238
.1 10-5 269
268
264
.02 10-6 212
.04 10-6 226
.2 10’ 6 408
.2 10-7 304
0 0 197*
0 10-2 259*
0 10-1 287*
17
* ^ firs t o rd e r  approach to  e q u ilib r iu m
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TABLE IX
S u b s t i tu t io n  R ates o f  tran s-R h (ey c lam )lB r*  + I~
T , °C [ I ' ] [HCIO^] 10& k (T
55 .1 0 9 .20 .18
.02 10-5 7 .93 .07
70 .1 0 53.6 1 .1
.02 10-5 4 6 .8 .4
85 .1 0 268 3
.02 10"5 2 3 2 2
TABLE X
Subst i t u t i o n  R ates o f  tran s-R h (cy c lam )C l2 4. X"
T , °C X“ [X-] [HClO^l lo 6  k 0"
75 Br" .1 0 .624 .005
r .1 0 1 .07 .02
r .02 10-5 .756 .007
85 Br" .1 0 1.75 .01
r .1 0 2 .68 .04
r .02 ic r5 2.35 .02
95 Br" .1 0 4 .77 .04
Br" .02 10“5 5.67 .12
Br" .1 10" 5 5.92 .12
Br" .02 10-^ 6.03 .04
I" .1 0 6.43 .09
I" .02 10"5 6 .94 .07
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TABLE XI
S u b s t i tu t io n  R ates  o f  trans-R h(oyclam )B r2 ^ + I
T , °C t l ' l [HClO^l lo 6  k <r
75 .02 10-5 .737 .007
80 .1 0 .950 .024
85 .1 0 1 .56 .03
.02 10-5 2 .40 .03
90 .1 0 2 .51 .07
95 .02 10-5 7 .44 .08
TABLE XII
S u b s t i tu t io n  R ates  o f  trans-R h(cyclam )B rC l^ + Br
T , °C [B r-] [HOIO^] lo 6  k tr
75 .02 10-3 .480 .04
85 .02 . 10-3 1 .42 .01
95 .02 10-3 4 .1 0 .03
2 . K in e tic  T rans E f fe c t
The k in e t ic  d a ta  fo r  th e  a c id  h y d ro ly s is  r e a c t io n s  o f  th e  t r a n s ­
d ih a lo  complexes can be used  to  compare th e  t r a n s  e f f e c t s  o f  th e  halo  
lig a n d s  q u a n t i t a t iv e ly .  The s u b s t i tu t io n  r a t e s  o b ta in e d  in  t h i s  work 
a re  th e  a c id  h y d ro ly s is  r a t e s .  The r a t e  c o n s ta n ts  by them selves a re  a 
poor in d ic a t io n ,  and can g ive  c o n tra d ic to ry  r e s u l t s ,  as  d is c u s se d . For 
t h i s  re a so n , th e  th e rm al d a ta  fo r  th e  r e a c t io n s  was com piled (T able 
X I I I ) ,  and was used  a s  th e  b a s is  fo r  th e  t r a n s  e f f e c t  com parisons.
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TABLE n i l
Thermal Param eters fo r  th e  Acid Hydrolysis o f  trans-Rh(cyclam )LX *
L X
k c a l m ole"!
AS*
1 1 c a l  deg” mole
1 0 ^ k g ; 
s e c “l
I I 27 ,7 i  .1 +2.29 ± .13 2 9 2
I Br 25 .6 ± .1 -4 .0 2  :  .21 2 3 2
I Cl 24 .5 :  .1 -7 .3 4  :  .13 212
Cl Cl 27 .6 t  .1 -7 .6 1  :  .36 2.35
Br Br 28 .7 Î  .2 -4 « 4 1 '-  .46 2 . 4 0
Br Cl 26.6 Î  .1 -1 1 .4  :  . 3 1 .42
TABLE XIV
L in e a r i ty  o f  P lo ts  fo r  th e  Acid H y d ro ly sis  of trans-R h(cyclam )LX '’
L X AHi + AH2 3 *' AH1 3 *'
I I 27 .6 2 7 . 7 2 7 . 7
I Br 2 5 . 8 2 5 . 4 2 5 . 6
I Cl 2 4 . 6 24.3 2 4 . 5
Cl Cl 2 7 . 4 2 7 . 7 27 .6
Br Br 28 .6 28 .9 28 .7
Br Cl 26 .2 2 7 . 1 26 .6
Comparing th e  same d a ta  fo r  th e  b i s ( e t hylenediam ine) analogs (T able XV),
■i:
th e  AH d if f e r e n c e s  a re  more o r  l e s s  th e  same fo r  th e  two system s. The 
o rd e rin g  o f  th e  l ig a n d s  i s  th e  same in  terms o f  th e  t r a n s  e f f e c t  and 
th e  le a v in g  group e f f e c t ,  a s  ex p ec ted . The k in e t ic  t r a n s  e f f e c t  o rd e r
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TABLE XV
Thermal Parameters for the Acid Hydrolysis of trans-Rh(en)2LX'
+56
L X AH*
k c a l mole
AS*
c a l  des mole"^
1q6 k^Q, sec"^
I I 25 .1  Î  .2 +1 Î  1 124
I Br 23 .1  t  .1 -3  i  1 474
I Cl 21.1  Î  .3 -7  + 2 825
Cl Cl 24 .7  1 .3 -9  ± 1 1 .49
Br Br 25.2  i  .3 -5  1 1 5 .3
Br Cl 2 3 .2  :  .5 -12 ± 2 3 .9 4
( l  > B r> G l) i s  th e  same as th e  thermodynamic o rd e r in d ic a te d  by th e  
in f r a r e d  s tu d ie s ,  and th e  le a v in g  group o rd e r ( C l > B r > l )  in d ic a te s  
c la s s  (b ) b e h a v io r . The la rg e  t r a n s  e f f e c t  d if f e r e n c e s  a re  c o n s is te n t  
w ith  c la s s  (b ) b e h a v io r , and th e  c o r r e la t io n  between th e  k in e t ic  and 
thermodynamic t r a n s  e f f e c t s  i s  c o n s is te n t  w ith  th e  q--donor th e o ry  
fo r  weak tt-b onders .
From th e  p re p a ra t iv e  w ork, i t  was evident t h a t  n i t r o  had a  much 
g re a te r  t r a n s  e f f e c t  th a n  io d o , s in c e  th e  a n a tio n  o f  a tra n s -h a lo aq u o  
complex gave th e  t r a n s - d in i t r o  p roduct a t  room te m p e ra tu re . The t r a n s -  
h a lo i  so t h i o cyan a to  complexes were re f lu x e d  fo r  days and could  n o t be
substituted to the diisothiocyanato product, indicating the relatively
weak t r a n s  e f f e c t  o f  is o th io c y a n a to .
The s u b s t i tu t io n s  o f  th e  s tro n g e r  t r a n s  halo  a c t iv a to r  were to o  
slow fo r  p r a c t i c a l  tem p era tu re  dependent s tu d ie s  below th e  b .p .  o f  
th e  r e a c t io n  medium. The s u b s t i tu t io n  o f  iodo  by ch lo ro  in  th e  t r a n s -  
ch lo ro io d o  complex showed no ap p aren t r e a c t io n  a f t e r  63 hours a t  95° C.
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The s u b s t i tu t io n s  o f  bromo by ch lo ro  in  the tran s-ch lo rob rom o  complex 
(kg^ = 3 .0  X 1 0 “ 7  sec~^) and of iodo  by bromo in  trans-b rom oiodo  (k^c = 
1 .6  X 1 0 “ 6  sec~^) were very  slow . These r e s u l t s  a re  expec ted  due to 
a com bination o f  weak trans e f f e c t s  and poor le a v in g  g roups. M oreover, 
th e  c a t a ly t i c  behavj.or found fo r  th e  b is (e th y le n ed ia m in e ) analogs^^
—  ?was n o t observed. Each o f  the th r e e  r e a c t io n s  was c a r r ie d  ou t in  10”
M HClOy^  to  p rev en t in te r f e r e n c e  by base h y d ro ly s is .
An unexpected  r e s u l t  o f  t h i s  work was th e  le a v in g  group e f f e c t  
on th e  r e l a t i v e  iodo  and bromo t r a n s  e f f e c t s .  As m entioned in  th e  
in t r o d u c t io n , i t  i s  expected t h a t  th e  t r a n s  effect d if f e re n c e s  should 
be g re a te r  for th e  le a v in g  group with th e  s tro n g e r  bond. In  these
s tu d ie s ,  th e  d if f e r e n c e  between the iodo  and bromo trans e f f e c t s  i s  ,
-1 -1
2 . 1  k c a l mole when chloro i s  th e  le a v in g  group, and 3 . 1  k c a l mole
when bromo i s  th e  leaving group. T h is  contradicts th e  g e n e ra l iz a t io n  
th a t  t r a n s  d e s ta b l iz a t io n  i s  l e s s  e f f e c t iv e  fo r  s o f te r  le a v in g  groups. 
The d a ta  in  T ab le  XV for th e  bis(ethylenediamine) complexes a ls o  d i s ­
a g re e , and g iv e  eq u al t r a n s  e f f e c t s  i r r e s p e c t iv e  o f  th e  le a v in g  group.
3 . Mechanism o f  R hod ium (IIl) S u b s t i tu t io n
For a l l  th e  s u b s t i tu t io n  r e a c t io n s  o f  th e  t r a n s - d ih a lo  com plexes, 
th e  r a t e s  were found to be independent o f  the nature and concentration
o f  th e  n u c le o p h ile , and no change o f  r a t e  was found over a f iv e - f o ld
in c re a s e  in  io n ic  s t r e n g th .  T h is  i s  ev idence for the two s te p  re a c t io n  
o f  acid h y d ro ly s is  followed by a n a tio n , fo r  which th e  an ion  c o n ce n tra ­
t io n  was la rg e  enough ( .0 1  -  ,1  M, 400 -  4 0 0 0 -fo ld  ex cess) to  in s u re
th a t  th e  first s te p  was rate determining, and th a t  th e  r e a c t io n  went
to  com pletion .
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(1) trans-Rh(cyclam)LX* + H2O —+ trans-R h(cyclam )(H 2 0 )^ ’^  + X~(slovf)
( 2 ) trans-Rh(cycla.m )L(H 2 0 ) '^*' + Y~ —?■ trans-R h(cyclam )l,Y ‘^  + H2 O ( f a s t )
The a n a tio n  re a c t io n  which follows th e  a c id  h y d ro ly s is  i s  f a s t  
r e l a t i v e  to  th e  latter, and th e r e f o r e ,  th e  s u b s t i tu t io n  r a t e  i s  a 
measure o f  th e  a c id  h y d ro ly s is  rate. For exam ple, the a n a tio n  o f  t r a n s ­
ie do aquo in .02 M I~ a t  G i s  more th a n  f i f t y  tim es f a s t e r  th a n  the 
a c id  h y d ro ly s is  o f  th e  tra n s -h a lo io d o  complexes comparing k (a c id  
h y d ro ly s is )  to  k ( a n a t io n ) [ l^ ] .  The l a t t e r  te rm  c o n ta in s  [ l " ] s i n c e  
a n a tio n  i s  a  second order r e a c t io n  in  th e  c o n c e n tra tio n  range s tu d ie d .
These experiments were n o t in ten d ed  to  d is t in g u is h  between d i s ­
so c ia t io n  and d isp lacem ent mechanisms'for th e  rate determ in in g  s te p .  
Both a pyram idal d is s o c ia t iv e  a c t iv a te d  complex and an octahedral 
wedge, formed by a s s is ta n c e  through c i s  a t t a c k ,  a re  consistent w ith  
th e  t o t a l  r e te n t io n  o f  c o n f ig u ra tio n  found i n  th e  a c id  h y d ro ly s is  
r e a c t io n s  s tu d ie d  in  t h i s  work, b u t a t r i g o n a l  bipyramid i s  n o t .  The
N
N'
X
,M
Rh" ■N
I.
o c ta h e d ra l wedge
T
N-
N-
R
.N
T
~ N
te t r a g o n a l  pyramid
bipyramid i s  n o t s in c e  i t  i s  expected  to  g ive  some s te reo ch em ica l 
change. I t  i s  most l i k e l y  t h a t  th e  degree of so lv en t a s s is ta n c e  in  
th e  o c ta h e d ra l wedge varies from re a c t io n  to  r e a c t io n ,  and th a t  th e  
extrem es shown in  th e  diagram s a re  s p e c ia l  c a se s .
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Two m ajor d if f e r e n c e s  between th e  eyelam and b i s ( e t hy lened iam ine)
system s were observed. First th e  oyclam complexes a re  more i n e r t  w ith
AH* ran g in g  from 2 .5  to  3*5 kcal mole”^ h ig h e r fo r  th e  cyclam complex
r e a c t io n s .  The la r g e r  e n th a lp ie s  o f  a c t iv a t io n  for th e  cyclam complexes
a re  expec ted  because o f  th e  d e s ta b l iz a t io n  o f  th e  t r a n s i t i o n  s t a t e
go
due to  l e s s  e f f i c i e n t  s o lv a t io n  vrith  in c re a s in g  c h e la t io n ^ " . In  a d d i t io n , 
th e  in c re a se d  r i g i d i t y  o f  th e  cyclam c h e la te  r e s i s t s  rearrangem ent in  
th e  t r a n s i t i o n  s t a t e .
Secondly , th e  s e n s i t i v i t y  o f  th e  cyclam complexes to  base  hydro­
l y s i s  was n o t found in  th e  bis(ethylenediamine) system . I t  i s  e v id en t 
t h a t  a secondary  am ine, such as cyclam f a c i l i t a t e s  base  h y d ro ly s is  
g r e a t ly  r e l a t i v e  to  a  p rim ary  am ine, such as  bis(ethylenediamine) .  T h is  
i s  ev idence fo r  th e  co n ju g a te  base  mechanism (SNl o r  SK2), s in ce  bo th  
amines a re  expected  to  be poor a c t i v a to r s ,  and cannot account fo r  th e  
la rg e  d if f e r e n c e  in  behavior. However, th e  If and NH co n ju g ate  b ases  
a re  e x c e lle n t  a c t i v a to r s .  For C o ( i l l ) ,  they a re  considered good fi- 
donor a c t i v a to r s .  T liis does n o t seem to  be th e  case  fo r  R h ( I I l ) ,  fo r  
whiich Tf-bonding i s  l e s s  im p o rta n t. The c i s  complexes (N t r a n s  to  X” ) 
w ere more r e a c t iv e  than th e  t r a n s  (N c i s  to  iT), which shows th a t  the  
a c t iv a t io n  i s  a (r-donor e f f e c t  w ith  g re a te r  a c t iv a t io n  in  th e  t r a n s  
d i r e c t io n .  The r e l a t i v e l y  g re a te r  im portance o f  th e  t r a n s  e f f e c t  fo r
R h ( l l l )  i s  a lso  shown by th e  two s te p  base h y d ro ly s is  o f  th e  trans 
com plexes. The base  h y d ro ly s is  o f  trans-Rh(cyclam)Gl(OH)'*’ i s  slower 
th a n  th a t  o f  trans-R hfcyclam JC lg^ . T h ere fo re  th e  c i s  e f f e c t  can be 
a t t r i b u t e d  to  o v e r a l l  a c t i v a t io n ,  which is further in f lu e n c e d  by th e  
g r e a te r  importance o f  th e  t r a n s  e f f e c t .  This i s  supported  by th e  
o b se rv a tio n  th a t  th e  base hydrolysis o f  cis-Rh(cyclam)Cl2* gave o n ly
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th e  dihydroxo product, The tra n s -N "  group causes alm ost th e  seme 
degree o f  a c t iv a t io n  of th e  le a v in g  ch lo ro  g roups, and i s  no t i n f l u ­
enced by d i f f e r e n t i a l  c i s  e f f e c t s  i n  th e  way th a t  th e  c i s  e f f e c t  i s  
in f lu e n c e d  by th e  much g re a te r  d i f f e r e n t i a l  trans e f f e c t s .
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V. CONCLUSION
The k in e t ic  s tu d ie s  made p o s s ib le  by th e  number o f  complexes 
p re p a red , have been on ly  begun because o f  th e  le n g th  o f  tim e in v o lv ed  
in  th e  a c id  h y d ro ly s is  s tu d ie s  o f  th e  t r a n s - d ih a lo  com plexes. These 
s tu d ie s  cou ld  be extended to  in c lu d e  th e  o th e r  d ia c id o  complexes and 
th e  c i s  iso m ers  fo r  a d i r e c t  com parison o f  th e  c i s  e f f e c t  fo r  R h ( l l l ) .  
However, i t  i s  p ro b ab le  t h a t  a c id  dependence would have to  be d e te r ­
mined in  th e  case  o f  le a v in g  groups which a re  th e  an io n s  o f  weak a c id s ,  
s in c e  a c id  c a ta ly s i s  i s  ex p ec ted .
The a n a tio n  k in e t i c s  o f  th e  tran s -a c id o a q u o  complexes and th e  
b ase  h y d ro ly s is  k in e t ic s  o f  th e  d ia c id o  complexes cou ld  be determ ined 
even more c o n v e n ie n tly , s in c e  th e  r e a c t io n s  a re  f a s t e r .  In  a d d i t io n ,  
th e  thermodynamic s tu d ie s  o f  th e  a c id  h y d ro ly s is ,  base h y d ro ly s is ,  
and a n a tio n  r e a c t io n s  would p ro v id e  a more com prehensive view o f  th e  
cy c lam rh o d iu m (lII) system . The thermodynamic d a ta  can a ls o  be o b ta in ed  
by means o f  c o n v en tio n a l sp ec tro m e tric  te c h n iq u e s .
The com pletion  o f  t h i s  work w i l l  p ro v id e  an e x c e lle n t  com parison 
to  th e  more commonly s tu d ie d  C o ( l l l )  system s on th e  b a s is  o f  th e  
o c ta h e d ra l  c i s  and t r a n s  e f f e c t s ,  and a ls o  th e  mechanisms o f  s u b s t i ­
t u t io n  and a n a tio n .
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a p p e n d i x
TABLE A -I
S u b s t i tu t io n  R a tes  o f  tra n s -R h (c y c la m )l2 * + X”
T , °C X" [X“ ] [H C IO J 1q6 k , sec"4
55 C l" .02  10"5 7 .6 7 , 7 .5 2 , 7 .8 9 , 7 .5 4 , 7 .5 2 ,
7 .4 7 , 7 .4 2 , 7 .4 6 , 7 .47
c r  .1  0 8 .3 4 , 8 .4 2 , 8 .7 1 , 8 .3 5 , 8 .3 5 ,
8 .4 1 , 8 .2 3 , 8 . 3 0 , 8 .3 4 , 8 .4 0 ,
8 .3 0 , 8 .7 1 , 8 .3 4 , 8 .3 5 , 8 .46  
B r- .02 10” 5 7 .9 7 , 7 .8 1 , 7 .5 9 , 7 .6 4 , 7 .4 4 ,
7 .3 1 , 7 .8 1 , 7 .5 9 , 7 .83
Br- .1  0 8 .4 5 , 8 .2 8 , 8 .4 5 , 8 . 2 5 , 8 .4 5 ,
8 .3 6 , 8 .5 8 , 8 .5 0
70 c r  .02 10-5 4 .9 5 , 5 .1 3 , 5 .1 8 , 5 .1 3 , 5 .1 4 ,
5 .1 1 , 5 .1 6 , 5 .2 1 , 5 .27
c r  .1  0 5 .4 1 , 5 .3 6 , 5 .4 7 , 5 .5 0 , 5 .5 0 ,
5 .5 0 , 5 .5 0 , 5.55 
B r-  ^ .02 10"5 5 .0 9 , 5 .1 1 , 5 .0 9 , 5 .0 9 , 5 .0 5 ,
5 .1 0 , 5 .1 1 , 5 .1 1 , 5 .14 
Br- .1  0 5 .4 2 , 5 .5 5 , 5 .3 5 , 5 .2 7 , 5 .2 1 ,
5 .2 1 , 5 .40
85 C l- .1  0 2 .9 8 , 2 .9 3 , 2 . 9 2 , 2 .9 4 , 2 .9 5 ,
2 .9 5 , 2 .9 0 , 2 .9 2 , 2 .9 4 , 2 .9 1 , 
2 .9 4 , 2 .9 1 , 2 .9 2 , 2 .9 1 , 2 .9 3 , 
2 .92
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TABLE A-I (concluded)
T , °C x“ X" HGIO4  1 0 6  k ,  s e c ' l
Br” . 0 2 1 0 " 5  2 .9 6 , 2 . 9 0 , 2 .9 3 , 2 . 8 8 , 2 .8 9 ,
2 .9 0 , 2 .9 6 , 2 .9 4 , 2 .94
Br" .1 0 3 .0 2 , 3 .0 0 , 3 .0 2 , 3 .1 0 , 3 .1 1 ,
3 . 1 4
TABLE A -II
S u b s t i tu t io n  R ates  o f  trans-R h(cyclam )lC l* ' + I "
T , °C
. i n [HClO^^l 1 0 6  k ,  sec"^
55 .1 0 1 0 .6 , 1 0 .6 , 1 0 .3 , 1 0 .9 , 1 0 .7 , 1 0 .4 ,
1 0 .1 , 11 .1
.02 10"3 8 .1 7 , 8 .3 5 , 8 .3 8 , 8 .3 7 , 8 .1 2 , 8 .3 5 ,
8 . 4 6 ,  8 .4 6 , 8 .56
70 .1 0 4 9 .3 , 4 9 .3 , 5 1 .2 , 4 8 .8 , 5 0 .3 , 4 9 .7 ,
4 8 .9 , 4 8 .2
.02 ICT^ 4 5 .6 , 4 6 .2 , 4 5 .4 , 4 5 .8 , 4 5 .8 , 4 5 .5 ,
4 5 . 3 , 4 5 .5 , 45 .5
85 .01 0 178, 186, 180, 182, 179, 183, 181,
180
.02 0 181, 182, 178, 178, 179, 181, 187,
186
.0 4 0 226, 210, 200, 210, 212, 208, 208,
2 0 4 , 2 1 5 ,  199, 206, 212
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TABLE A -II (concluded)
T , °C [ l " ]  LHCIO4 I 1 q6  k ,  sec -1
. 0 5  0  1 9 7 , 1 9 7 , 1 9 7 , 2 0 2 , 1 9 3 ,  2 0 5 , 1 9 9 , 1 9 5 ,
208, 200
. 0 7  0 218, 218, 2 0 9 , 202, 222, 228, 228, 2 3 2 ,
220, 226
.1  0  2 3 3 , 243, 2 3 4 , 2 3 6 , 2 2 7 , 2 3 1 ,  2 3 3 , 2 3 4
.02 10-5 206, 210, 210, 212, 215, 211, 209, 206,
216, 2 1 4 , 2 2 3 , 2 1 6  
. 0 4  10"5 221, 2 2 9 ,  2 2 8 , 2 2 4 ,  228, 227, 229, 226
0 0  183, 2 0 8 , 2 2 4 , 1 9 0 , 1 9 2 , 177, 175, 205,
215
TABLE A -I I I
S u b s t i tu t io n  R ates  o f  tran s-R h (cy c lam )lB r*  + I '
T , °C [ l “] [HCIO4 ] 1 0 6  k , s e c ' l
55 .1  0 8 .8 1 , 9 .3 5 , 8 .6 9 , 1 0 .9 , 9 .5 7 , 8 .9 9 , 9 .1 0 ,
8.20
.02  10"5 7 .8 6 , 7 .9 9 , 7 .8 3 , 7 .8 6 , 8 .O3 , 7 .8 6 , 7 .9 1 ,
7 .96, 8.10
70 .1  0 5 5 .8 , 5 3 . 7 , 5 1 .5 , 5 3 .2 , 5 5 .4 , 5 5 .8 , 5 1 .7 ,
51.8
. 0 2  10-5 4 4 . 0 , 4 8 . 6 , 4 8 . 8 , 4 7 .5 , 4 4 .8 , 4 9 .1 , 4 8 .7 ,
4 5 .7 , 4 4 . 6
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TABLE A -I I I  (concluded)
T , °C [ l " l  [HClO^l 1q6 k , 5ec“l
85 .1  0 255, 274, 274, 270, 274, 270, 266, 258
.02  10"5 233, 231, 233, 230, 230, 233, 234, 230,
233
TABLE A-IV
S u b s t i tu t io n  R a tes  o f  tran s-R h (cy clam )C l2 ^ + X"
T , °C X" [X -] [HCIO^] lo 6  k , sec“1
75 Br" .1 0 .621 , .620 , .6 4 1 , .633 , .639 ,
.601 , .6 1 9 , .620
I_ .1 0 1 .0 2 , 1 .1 4 , 1 .0 8 , 1 .0 7 , 1 .0 6 ,
1 .0 3 , 1 .09
I " .02 10-5 .760 , .756 , .753 , .760 , .760 ,
.755 , .750 , .756 , .753
85 Br­ .1 0 1 .6 8 , 1 .7 6 , 1 .7 5 , 1 .7 4 , 1 .7 6 ,
1 .8 0 , 1 .7 9 , 1 .7 4 , 1 .75
i ­ .1 0 2 .6 8 , 2 .5 6 , 2 .8 2 , 2 .8 8 , 2 .5 8 ,
2 . 6 1 , 2 .7 7 , 2 .5 8
l ' .02 10-5 2 .3 8 , 2 .3 6 , 2 .3 6 , 2 .3 5 , 2 .3 4 ,
2 .3 0 , 2 .3 3 , 2 .3 8 , 2 .32
95 Br" .1 0 4 .7 0 , 4 .6 3 , 4 .7 1 , 4 .6 8 , 4.79,
4 .9 5 , 4 .8 2 , 4 .89
Br~ .02 10-5 5 .7 2 , 5 .7 2 , 5 .5 5 , 5 .5 5 , 5 .7 2 ,
5 .7 2 , 5 .7 2 , 5 .9 0 , 5 .5 5 , 5.55
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TABLE A-IV (concluded)
T , °C X~ X" HCIO4 1 0 6  k . sec-^
Br" .1 10-5 5 .8 7 , 6.06, 5 .9 5 , 6 . 1 9 , 6 .0 0 ,
5 .8 8 , 5 .8 7 , 5 .7 0 , 5.81
Br" .02 10-2 6.06, 6 .1 0 , 6 .0 5 , 5 .9 7 , 6 . 04,
5 .9 9 , 6 .0 0 , 6 .0 0 , 6.06
I " .1 0 6.6o, 6 .2 4 , 6.46, 6 . 2 4 , 6 . 3 5 ,
6 .7 2 , 6 .7 9 , 6 .1 0
I " .02 10-5 6.86, 6 .9 5 , 6 .9 8 , 6 .8 8 , 7 . 0 4 ,
6 .9 3 , 6 .9 2 , 6 .9 9 , 6 .95
TABLE A- V
S u b s titu tio n  R ates o f  trans-R h(cyclam )B r2* + 1 “
T , °C I " HClOy^ 10& k , sec"^
75 .02 10"5 .735 , .7 3 4 , .735 , .739 , .747,, . 740,, .7 3 7 ,
.736 , .730
80 .1 0 1 .0 1 , 1.04, .854, .886 , 1.06,, .958,, .965 ,
.8 3 0
85 .1 0 1 .4 3 , 1 .5 0 , 1 .5 2 , 1 .8 7 , 1 . 5 2 ,, 1 . 6 3 ,, 1 . 4 2 ,
1 .6 2 , 1 .6 5 , 1 .66 , 1 .4 9 , 1.53;, 1 .5 4 ,, 1 .4 3
.02 10-5 2.40, 2 .4 2 ,  2 ,42 , 2 .4 1 , 2 . 4 2 ,, 2 .3 6 ,, 2 .3 8 ,
2 .4 0 , 2 .3 6
90 .1 0 2 .3 5 , 2 .4 6 , 2 .3 2 , 2 .6 4 , 2.66,, 2 . 6 5
95 .02 10 "5 7 .2 8 , 7 .4 9 , 7 .3 3 , 7.44, 7 . 5 0 ,. 7 .4 5 ,, 7 . 5 2 ,
7 .5 3 , 7.40
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TABLE A-VI
S u b s titu tio n  R ates o f  trans-Rh(cyclam )BrCl* + Br"
T , °C [B r- ] [HGIO4 I 10^ k;, se c ” I
75 ,02 10-3 .4 8 8 , .4 6 7 , .482 , .477 , .4 8 2 , .458 ,
.499 , .490 , .486
85 .02 10-3 1 .4 3 , 1 .4 1 , 1 . 4 2 , 1 .4 3 , 1 .4 5 , 1 . 4 4 ,
1 . 4 6 , 1 .3 9 , 1 .39
95 .02 10-3 4 . 1 3 , 4 . 1 5 , 4 .0 8 , 4 . 1 3 , 4 .1 6 , 4 . 0 7 ,
4 .0 1 , 4 . 0 7 , 4 . 0 7
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